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Abstract: While there is a literature on public and stakeholder engagement in environmental research 
and scenario development, less attention has been given to the learning processes that take place in 
these contexts. We present public perceptions of emissions contraction scenarios for the UK city of 
Manchester and discuss this in terms of learning theory developed by Lev Vygotsky and Jerome 
Bruner. A key theme of this is the combination of three learning tools of use in social and individual 
learning: scaffolding techniques, scenario building and backcasting.   We discuss the ways in which our 
structured scenario-building process, employing Greenhouse Gas Regional Inventory Protocol (GRIP) 
backcasting software, bring together these components. Following Bruner, learners are treated as 
scientific reasoners, but with the acknowledgement that there are also important affective and other 
dimensions to learning. 
 
Suggested Reviewers:  
 
 
 
Dr Luiz C M Miranda, PhD, Associate Editor    
Technological Forecasting & Social Change 
 
         25th October 2012 
 
Dear Dr Miranda 
Many thanks for giving us the opportunity to undertake major revisions of the paper in accordance 
with some helpful comments from reviewers who clearly read the paper carefully. We have now 
revised the paper substantially. The main changes are as follows: 
 An additional co-author who specialises in management learning theory 
 For simplicity, use of only data and graphics relating to the focus groups with the public (not 
other stakeholders as well)  
 Mapping of the scenario process to a particular theory of how scaffolding is used in learning 
 Inclusion of references suggested by the reviewers 
 Annexing of statistical tests and additional discussion 
 
I have highlighted in yellow the main sections where there is change. The tracked changes function 
of Word would make the document difficult to read. 
We hope that you and the reviewers now find the paper acceptable – we think it is much improved. 
 
With best regards, 
Dr Paul Upham (Leeds, UK) 
Dr Sebastian Carney (Manchester, UK) 
Dr Rita Klapper (Rouen, France) 
Cover Letter
Scaffolding, narrative and software: engaging non-experts in energy and emissions backcasting  
RESPONSES TO REVIEWERS ARE IN BOLD CAPITALS 
GENERAL RESPONSE: THANK YOU VERY MUCH TO BOTH REVIEWERS FOR TAKING THE TIME TO 
MAKE DETAILED COMMENTS AND SUGGESTIONS. TO HELP US RESPOND TO THEM, WE HAVE 
BROUGHT IN AN ADDITIONAL AUTHOR, A TEACHING AND LEARNING THEORIST IN THE AREA OF 
BUSINESS AND MANAGEMENT. WE HAVE ALSO RETURNED TO THE DATA, DRAWING DIFFERENTLY, 
MORE SELECTIVELY AND SHOWING HOW THE ADDITIONAL THEORY THAT WE BRING IN RELATES 
TO THE DATA. WE HOPE THIS ANSWERS YOUR MAIN QUESTIONS AND HAVE ALSO MADE CHANGES 
RELATING TO THE MINOR ISSUES THAT YOU IDENTIFIED. 
 
Comments by Reviewer 1. 
Reviewer #1: See attached file. In addition: the figures are neither explicit enough nor exploited 
enough. 
WE HAVE NOW CHANGED OUR USE OF THE GRAPHICS SIGNIFICANTLY, ALSO INTEGRATING THEM 
WITH THE THEORY  
CHOICE OF TFSC 
The paper deals with public and stakeholder engagement in environmental research and scenario 
development, focusing on learning processes that take place in these contexts. It presents public and 
stakeholder opinion of emissions contraction scenarios for the UK city of Manchester. Its theoretical 
and empirical contents make it suitable for publication in TFSC. 
 
FORMAT  
APOLOGIES FOR THESE – NOW CORRECTED.  
- Reference style not fully in line with TFSC’s recommendations, even for articles. 
- Figures not numbered 
- Wood, Bruner, and Ross [29] (p. 6): actually n° 28: check refs numbers and/or use the TFSC 
EndNote style to avoid such problems. 
- Quote the title of this ref properly : Appleby, D. (1986). Déjà vu in the classroom. Network, 4, 8. 
- et al. : when used the full stop has been omitted.  
- home-owners: sometimes used without dash, same for backcasting 
- space missing in the sentences: 
o (p. 11): “Accordingly, the studies and their results *50+formed” 
o (p. 17): “due to groups being more or less optimistic about what they believed could 
be achieved over the next 15years.” 
 
MATERIAL AND METHODS 
Detailed Response to Reviewers
The paper is interdisciplinary: e.g. with the use of Bruner's contribution to the theory of education. 
They also use the learning theory developed by Lev Vygotsky, a structured approach to sense-
making  which has been used in another paper published in 2007 in TFSC.1 
An important contribution of the paper lie in the authors’ explanation of how it can be used as a 
backcasting software, which is a methodological innovation in the sense that it indicates how 
software can help create lower GHG visions of the future with the wider public. 
It employs the “GRIP backcasting software”. Backcasting, a normative method by which a desirable 
future is defined & then solutions are suggested to achieve this objective, has often been used in 
TFSC publications,2 it has not been the case of the Greenhouse gas Regional Inventory Protocol 
software, an inventory tool devised by the Tyndall Centre. One author (Sebastian Carney) did publish 
about it in 2009 in Energy Policy (Vol. 37). 
The TFSC special issue (see footnote 2) called for an improvement of current and future backcasting 
practices, highlighting various ways for such improvements:  
- Comparing backcasting studies and practices across countries: no comparison has been 
made in this paper. 
- Socio-technical transition studies, especially in the Multi-Level Perspective (MLP): although 
the analysis was conducted as part of a project called “Path Dependence and Path Creation 
in Energy Systems – A Multi Level Perspective on Technological, Business and Policy 
Innovations (EnPath)” financed by the Academy of Finland, the authors do not mention 
anything about transitions or MLP in this paper. 
- Bridging differences between participatory backcasting and expert-led backcasting: if the 
authors are clearly in line with the former by developing a methodology to engage non-
experts, notably by using Bruner’s ideas to develop participative scenarios,3 they do not aim 
at bridging the aforementioned differences.  
- Others: higher-order learning, question of change agency, changing nature of technology. 
The authors do not position themselves in relation to this research agenda, which either suggests 
that they find it inadequate or that their contribution does not fit into this agenda. To clarify this 
                                                          
1
 George Burt, Why are we surprised at surprises? Integrating disruption theory and system analysis with the 
scenario methodology to help identify disruptions and discontinuities, Technological Forecasting and Social 
Change, Volume 74, Issue 6, July 2007, Pages 731-749, ISSN 0040-1625, 10.1016/j.techfore.2006.08.010. 
2 Vergragt, P. J. & J. Quist (2011), "Backcasting for sustainability: Introduction to the special issue", 
Technological Forecasting and Social Change 78(5): 747-755. 
3
 The following references are cited in the paper :  
[15] J. Bruner, The process of education, Cambridge, MA: Harvard University Press. (Original work  
published in 1960).   
[16] J. Bruner, The process of education, Cambridge, MA: Harvard University Press. (Original work  
published in 1960, subsequent 1977).   
*20+ K. Takaya, Jerome Bruner’s Theory of Education: From Early Bruner to Later Bruner. Interchange  
39(1), (2008), 1-19.  
[23] J. Bruner, On knowing: Essays for the left hand. Cambridge, MA: Harvard University Press, 1962  
[24] J Bruner,The process of education (rev. ed.). Cambridge, MA: Harvard University Press. 1977  
[28] D.J. Wood, J.S. Bruner, & G. Ross, G, The role of tutoring in problem solving. Journal of Child  
Psychiatry and Psychology, 17(2), 1976, 89-100.  
point, the authors are invited to discuss, e.g. in their conclusion, the questions asked in the special 
issue such as how does their paper contribute to overcome the differences between expert-led and 
participatory methods? E.g. could it contribute to expert-driven backcasting by allowing them not to 
lose a lot of buy-in by stakeholders? How does it contribute to increase the impact of policies and 
buy-in? 
THANK-YOU FOR DRAWING OUR ATTENTION TO THESE PAPERS. OUR THEME IS CLOSELY RELATED 
TO THE EXPERT/LAY DIVIDE THAT YOU REFER TO AND WE NOW REFER TO VERGRAGT AND 
QUINN’S PAPER.  
REGARDING THE REFERENCE IN THE ACKNOWLEDGEMENTS TO A SOCIO-TECHNICAL TRANSITIONS 
PROJECT, THE LEAD AUTHOR BENEFITTED FROM WRITING TIME MADE AVAILABLE BY THE PROJECT 
BUT WE HAVE NOW MADE THE REFERENCE MORE GENERAL TO AVOID CONFUSION 
 
Composition of the workshops (p. 11):  
Why focusing on the residential sector? It seems that the authors did not control the process of 
stakeholder consultation,4 but they should at least have mentioned this bias since the residential 
sector is not the main CO2 emitting sector in the UK.
5 Interviewed stakeholders seem however to be 
aware of that: 
o “This reflected a belief, consistent across the groups, to the effect that the road 
transport sector has the opportunity to make changes to the efficiency of its future 
stock faster than the other sectors.” (p. 17) 
- Why were other stakeholders excluded? (e.g. unions & NGOs or inhabitants’/homeowners 
representatives) To what extent does this exclusion bias the study? It could have been 
interesting to involved non vested parties since: 
o The objective was to (even hypothetically) advise regional decision-makers on the 
delivery of emissions reduction targets in the residential sector, 
o As mentioned in page 10, vested interest are a major limit to participatory 
backcasting: “participation may, for example, contribute to path-dependency due to 
the participants safeguarding vested interests”. 
- The justification for including homeowners only (and not tenants) seems weak: “in order to 
elicit plausible and potentially contrasting views on the installation of microgen (household-
level) energy technologies, a relatively under-researched topic.”: there are other under-
researched topics, why has this one been selected? Is it a priority of the city? Is it labour-
intensive? Are its environmental impacts lower compared to other alternatives? Etc. 
TO EXPLAIN, WE DID HAVE CONTROL OVER THE CHOICE OF SECTOR AND HAVE NOW ADDED A 
SHORT EXPLANATION OF WHY WE CHOSE THE RESIDENTIAL SECTOR, NAMELY THAT THERE IS 
LITTLE INFORMATION ON PUBLIC OPINION OF MICROGEN AND ENERGY EFFICIENCY IN THE UK. 
                                                          
4 Local agencies seem to have controlled it, the authors make a reference to their study but the 
webpage referenced in [49] is obsolete. Check other links. 
5
 Energy supply = 35%; Transport = 21%; Residential = 15%; Business = 15%. See 
http://www.decc.gov.uk/en/content/cms/statistics/climate_stats/gg_emissions/gg_emissions.aspx.  
SIMILARLY WE KNOW OF NO PAPERS ON PUBLIC OPINION OF TECHNOLOGICAL CHOICES MADE AS 
PART OF PARTICIPATIVELY-GENERATED EMISSIONS CONTRACTION SCENARIOS. WHILE OUR 
CHOICE HELPED THE LOCAL AUTHORITY WITH THEIR OWN DATA NEEDS, WE HAD FULL CONTROL 
OF THE RESEARCH DESIGN, SAMPLE SELECTION ETC.  
(WE HAVE RE-CHECKED WEB LINKS). 
WE ABSOLUTELY AGREE THAT IT IS IMPORTANT TO ELICIT THE OPINION OF OTHER STAKEHOLDERS 
ON EMISSIONS CONTRACTION SCENARIOS. INDEED ONE OF THE AUTHORS HAS USED GRIP WITH 
PROFESSIONAL STAKEHOLDERS IN MANY COUNTRIES. IN THIS CASE, THOUGH, WE WANTED TO 
FOCUS ON A GROUP WHO ARE RARELY CONSULTED IN A MEANINGFUL WAY, NOT LEAST BECAUSE 
THIS REQUIRES TIME, EFFORT AND TOOLS TO GIVE PEOPLE THE NECESSARY INFORMATION AND 
MEANS.  
WE DON’T CLAIM THAT OUR GROUPS REPRESENT EITHER OTHER TYPES OF STAKEHOLDER OR 
EVEN THAT THEY NECESSARILY REPRESENT THE VIEWS OF THE POPULATION OF WHICH THEY ARE 
A SAMPLE. AS WITH MUCH QUALITATIVE WORK, THE OBJECTIVE IS TO UNDERSTAND IN DETAIL A 
NUMBER OF RELEVANT ISSUES. THIS MAY THEN BE FOLLOWED UP WITH LARGER SAMPLES IF 
REPRESENTATIVENESS IS AN OBJECTIVE, BUT THE FIRST TASK IS TO INVESTIGATE AND DEVELOP AN 
UNDERSTANDING. 
IT IS A FAIR POINT THAT WE SHOULD BETTER JUSTIFY WHY WE SHOULD WANT TO UNDERSTAND 
THIS PARTICULAR TOPIC AND GROUP BETTER. SO WE NOW MAKE OUR RATIONALE MORE 
EXPLICIT: THESE ACTORS PLAY THE ROLES OF BOTH CITIZENS AND CONSUMERS. AS CONSUMERS, 
THEY TAKE (NON)-INSTALLATION DECISIONS: UNDERSTANDING THEIR VIEWS SHOULD HELP IN 
POLICY AND TECHNOLOGY DESIGN. AS CITIZENS, PUBLIC COMPREHENSION IS ASSUMED TO BE A 
NECESSARY (THOUGH NOT SUFFICIENT) CONDITION FOR PUBLIC SUPPORT FOR POLICY INCENTIVES 
THAT HAVE TECHNOLOGICAL CHANGE AS AN OBJECTIVE. IN THE PAPER, WE NOW DISCUSS THE 
ROLE OF COMPREHENSION AND LEARNING IN THIS LIGHT. 
 
CONCLUSIONS 
The paper provides interesting results, both from a theoretical and empirical points of view. For 
example, the process required envisaging strong CO2 reduction scenarios for a city region, and it has 
been shown how learning theories could assist in designing future scenario development processes. 
  
Reviewer #2: The paper "Scaffolding, narrative and software: engaging non-experts in energy and 
missions backcasting" touches upon a very important challenge: How is it possible to integrate non-
experts, i.e. consumers and societal stakeholders, into the discussion around energy issues as well as 
climate change mitigation, and give them the possibility make informed decisions / voice an 
informed opinion? The scope of the paper is therefore explained as "(...) a backcasting scenario 
process offers the potential for so-cial learning in a given context (...) and our purpose here is to 
suggest ways in which this may take place (...) drawing on (...) cognitive psychology" (p. 9, end of first 
paragraph). 
 
Systematic social scientific research on this topic employing real-life conditions is certainly limited up 
to now. Thus, presenting results from and an analysis of processes from group discussions where 
groups worked with the GRIP-software on future energy scenarios and how to achieve them 
obviously is a topic of high interest. The authors interpret their data against the background of social 
learning theories which is a worth-while approach that may add to further understanding of the 
topic under study. 
 
However, I see several issues where I would strongly recommend revising and strengthening before I 
would recommend this paper for publication. My main concern is related to the way theory and 
empirical data are connected as well as how this is pre-sented in the paper. Authors provide an 
overview on Bruner's learning theory, narrative and backcasting thereby emphasizing that these are 
the relevant backgrounds for the interpretation of their empirical data. Then they explain the 
methods and present de-tailed results of the specific outcomes of the several group discussions, 
however, not of the group processes or the learning taking place. In the discussion part a critical dis-
cussion outlines in how far the design of the study follows Bruner's ideas or not, however, no data-
based information is provided whether the design worked in the intended way or not. Maybe it 
could help to re-structure the paper in a way that the fit between study design and theory is 
outlined before presenting results. Then, authors should either say from the beginning that they 
intend to analyze the quality of outcomes of the group processes (relating them to some kind of 
expert outcomes/scenarios) - thereby providing evidence that based on the theoretical framework 
their methodological approach is able to lead groups to reaching good results. Or authors 
concentrate on intra-group processes and how learning developed, which would be more innovative 
from my point of view; however, then (more) empirical data needs to be provided this. 
WE UNDERSTAND YOUR ASSESSMENT – WE NOW EXPLAIN OUR RESEARCH DESIGN BETTER. THE 
STUDY IS EXPLORATORY, WITH TWO AIMS. FIRST, TO EXPLORE THE VIEWS OF THE LAY PUBLIC ON 
MICRO AND DOMESTIC ENERGY-EFFICIENCY AND ENERGY GENERATION TECHNOLOGY, BOTH PER 
SE AND IN RELATION TO LONG TERM GHG EMISSIONS CONTRACTION SCENARIOS. SECOND, TO 
EXPLORE THE PROCESS IN TERMS OF LEARNING AND SENSE-MAKING BY INDIVIDUAL 
PARTICIPANTS. REGARDING THE LATTER, THE PROCESS IS RETRODUCTIVE IN THE SENSE OF BOTH 
DEVELOPING AND APPLYING THEORETICAL EXPLANATIONS BASED ON EMERGING EMPIRICAL 
OBSERVATIONS. HENCE WE HIGHLIGHT THE WAY IN WHICH WE THINK BRUNER AND VYGOTSKY’S 
CONCEPTS HELP TO EXPLAIN WHAT WE OBSERVED AND HOW THEY CAN ACT AS A WAY OF 
FRAMING FUTURE RESEARCH IN THIS AREA. 
GIVEN YOUR COMMENTS, WHAT WE HAVE NOW DONE IN THIS REVISED VERSION IS (A) 
EXPLAINED THE RESEARCH DESIGN MORE CLEARLY; (B) USED THE EMPIRICS, PARTICULARLY THE 
GRAPHS, MORE SELECTIVELY AND IN A WAY THAT BETTER INTEGRATES WITH OUR ACCOUNT.  
 
Still, the empirical work conducted as well as the theoretical background chosen certainly have much 
to offer for the analysis of the topic under study and this topic is an important issue. Therefore, it 
would be great, if authors were willing to work on the issues raised in this review. 
 
More specifically I would like to recommend working on the following issues: 
- The rationale of the paper is not made sufficiently clear in the introduction section (cp. clear 
statement from p. 9 cited above). Authors argue that a lot of money is spent on research on clean 
energy; however, the relation of this fact to the topic of their research is not made apparent in the 
following. Then authors say that research on public opinion on scenario work is scarce. Implicitly 
authors seem to recommend directing R&D-funds to topics that are welcomed or at least tolerated 
by the public and that we need to learn more about methods how to find out what the public wants. 
However, this argument is not made explicit. 
WE ARE NOW MORE EXPLICIT ABOUT OUR VIEW OF THE IMPORTANCE OF UNDERSTANDING 
SOCIAL FACTORS RELATING TO ENERGY TECHNOLOGY. 
 
- The paragraph (p. 3f) on public opinion / pseudo-opinions was not entirely clear to me. What is the 
main point you want to raise here? Also the link to the next section on p. 4 needs to be refined from 
my point of view. 
WE HAVE DELETED MUCH OF THIS PARAGRAPH  
 
- Authors repeatedly emphasize (e.g. on p. 4, bottom) that it would make sense to conduct 
"systematic evaluation of the engagement process" - why do you refer to this that often although 
this is not the topic of your paper? 
WE VIEW ENGAGEMENT AS CLOSELY RELATED, BUT AS IT SEEMS TO BE CONFUSING, WE HAVE 
REDUCED THE NUMBER OF REFERENCES TO THIS. 
 
- p. 8, section on backcasting: To me it did not become clear in how far the work the groups did in 
the study is really backcasting. Please explain in more detail how the goals for 2020/2050 influenced 
group discussions and group decision making thus making this a backcasting process ("definition of a 
desirable future and then working backwards from that future to the present...", p. 9). 
THE PARTICIPANTS WORKED WITH THE 2020/2050 TARGETS IN MIND: THESE TARGETS WERE 
REPEATEDLY BROUGHT TO THEIR ATTENTION AND THE CONSTRAINTS THAT THEY POSED WERE A 
PART OF THE PARTICIPANTS’ DECISION-MAKING. THIS DECISION-MAKING WAS ALSO INFORMED 
BY THEIR PERSONAL AND GROUP OPINION OF (PREFERENCES FOR) PARTICULAR TECHNOLOGIES. 
WHILE THEY WERE NOT ASKED TO DEVELOP DETAILED BACKCASTED ROADMAPS, WITH DECISION 
JUNCTURE POINTS AND SPECIFICATION OF ENABLERS, DRIVERS, OBSTACLES ETC, IN THE WAY 
THAT A MORE EXPERT PARTICIPANT MIGHT DO, THEY WERE CERTAINLY OPERATING IN A TIME-
FRAMED CONTEXT, WITH END-POINTS IN MIND.  
 
- p. 12f, Public and stakeholder opinion on energy options and scenarios: How do these results relate 
to the scope of this paper? (cf. "a backcasting scenario process offers the potential for social learning 
in a given context (...) and our purpose here is to suggest ways in which this may take place" p. 9) 
Which of these results really contribute to a deeper analysis of the overall aim of this paper? 
THIS QUESTION IS SIMILAR TO ONE ABOVE. WE HIGHLIGHT THE WAY IN WHICH WE THINK 
BRUNER AND VYGOTSKY’S CONCEPTS HELP TO EXPLAIN WHAT WE OBSERVED. WE NOW MAKE 
THIS CLEARER AND LINK THE EMPIRICS MORE DIRECTLY TO THE DISCUSSION. THE EMPIRICS ARE 
USED TO SHOW THAT THE LAY PUBLIC CAN BE MEANINGFULLY INVOLVED IN THE PRODUCTION OF 
DETAILED VISIONS OF FUTURE TECHNOLOGY DEPLOYMENT. THE THEORY IS USED AS A REASONED 
SUGGESTION OF WHAT LEARNING PROCESSES MAY BE TAKING PLACE. 
 
- p. 14, second paragraph: "Ideas were tested through use of the scenario tool..." - this did not 
become clear in the methods section. How did participants use the tool? How did it inform their 
decision making? 
WE HAVE ADDED AN EXPLANATION. THIS WAS A GROUP PROCESS WITH PARTICIPANTS SAT 
AROUND A LARGE TABLE FACING A SCREEN ON WHICH WAS PROJECTED THE OUTPUT OF GRIP 
SOFTWARE. THE FACILITATOR PROCEEDED THROUGH THE ENERGY TECHNOLOGY OPTIONS, 
ENGENDERING A GROUP DISCUSSION OF THE EXTENT TO WHICH EACH MIGHT CONTRIBUTE TO 
THE EMISSION REDUCTION TARGETS. THE PARTICIPANTS WERE ENCOURAGED TO IMAGINE THE 
CONSEQUENCES IN TERMS OF BOTH THEIR OWN HOMES AND FOR THE CITY REGION. PLAUSIBILITY 
AND DESIRABILITY WERE KEY CRITERIA: THEY WERE NOT TO ENDORSE ANYTHING THAT WOULD 
BE UNACCEPTABLE TO THEM, THOUGH AS WE DISCUSS, THIS DID BECOME INCREASINGLY 
DIFFICULT AT HIGHER LEVELS OF ENVISAGED EMISSION REDUCTION. 
 
- Boxes and figures: While they are certainly informative on a general level, I was not able to make a 
close connection from the data presented graphically/literally to the scope of the paper. Please 
check which of these data needs to be presented in the paper and how it contributes to the overall 
goal of the paper. On top of this, I don't find those figures very easy to understand - what can be 
concluded from them besides the fact that there seems to be a broad variance in evaluations among 
participants? 
WE HAVE NOW BEEN MORE SELECTIVE IN OUR CHOICE OF GRAPHICS AND HAVE ALSO EXPLAINED 
THEIR PURPOSE AND NATURE MORE EXPLICITLY. 
 
- p. 18, second paragraph: This paragraph provides information which is of high relevance to the 
overall scope of the paper. Please provide more details and evidence for the statements made here 
(e.g. "our experience is that building emissions reduction scenarios with GRIP has without doubt 
helped participants to understand the scale of change required to meet the near-term emissions 
reduction targets" - how did it help them? what contributed to your experience / your 
doubtlessness?) 
WE NOW MAKE THE EVIDENCE MORE EXPLICIT. 
 
- p. 18f, discussion: I am missing a link to backcasting and narratives in this section - please relate 
more closely to these theoretical parts of the paper 
WE NOW CONNECT THESE MORE CLOSELY 
 
- p. 19, end of second paragraph: "as is evident from Box 1" - I can't see how Box 1 indicates that 
participants' values and views persisted, please explain 
WE NOW CLARIFY THIS: THE POINT WE WERE MAKING IS THAT PEOPLE BROUGHT THEIR VALUES 
AND VIEWS ABOUT PARTICULAR ENERGY OPTIONS TO THE EVENT AND THERE WAS LITTLE 
INDICATION THAT THESE VIEWS CHANGED MUCH (THOUGH WE DID NOT SET OUT TO ASSESS THIS 
QUANTITATIVELY). THIS HAS IMPLICATIONS FOR THE LEARNING THAT TAKES PLACE THROUGH 
PUBLIC ENGAGEMENT PROCESSES AND WE NOW DISCUSS AND EXPLAIN THIS FURTHER. 
 
- p. 21, first paragraph: here you discuss how working with the GRIP-software could support 
effective scaffolding in general- please also provide evidence from your data how this worked in 
your study 
ALTHOUGH WE INTRODUCE NEW SUPPORTING DATA IN THIS REVISION, AS EXPLAINED ABOVE, 
THE PAPER IS INTENDED TO HELP STIMULATE AND MAP OUT DIRECTIONS FOR FURTHER WORK 
RATHER THAN EVIDENCE THE COGNITIVE AND AFFECTIVE PROCESSES THAT WE THINK ARE TAKING 
PLACE. WE ARE NOW MORE SPECIFIC ABOUT THE IMPLICATIONS OF BRUNER AND VYGOTSKY’S 
WORK IN TERMS OF WHAT FORM THAT RESEARCH AND EVIDENCE-GATHERING MIGHT TAKE. 
 
- p. 23, last sentence: I am not quite sure why your final conclusion is that participative future 
studies have much to learn from the past (although there may be some truth in it) 
WE MEANT THAT ALTHOUGH BRUNER AND VYGOTSKY WROTE MANY DECADES AGO BUT, THEY 
STILL HAVE MUCH TO TEACH US ABOUT FUTURE STUDIES. WE HAVE NOW MADE THIS CLEARER. 
 
Minor issues 
- Please check how you use references in the text; sometimes (p. 3, second line from the bottom) 
you included name and number ("by (Stirling, [10])"), sometimes only numbers (p. 3, line 9, "e.g. 
[4]"). 
DONE 
 
- p. 3: why are your examples on engagement studies restricted to the UK? 
THE UK IS USED AS AN EXAMPLE BECAUSE WE KNOW IT WELL; WE DON’T CLAIM TO HAVE 
CONDUCTED A SURVEY OF INTERNATIONAL STUDIES. THIS IS NOW CLARIFIED. 
 
- p. 4, second paragraph "For this purpose we in a sense return to school..." - why does using 
learning theory mean to "return to school"? Maybe rephrase. 
NOW REPHRASED 
 
- p. 4, last paragraph: please provide references to studies who have applied the GRIP (you say it has 
been used in 12 countries and with up to 1000 individuals) 
THE SOFTWARE HAS BEEN USED WITH ABOUT 1000 PEOPLE AND WE REFER NOW TO A WEBSITE 
WITH RELEVANT REPORTS 
 
- p. 8 "company 3M": is it necessary to name the specific company? if yes, explain why. 
REFERENCE NOW DELETED. 
 
- p. 12f, opinions: please check whether it is always obvious to the reader if you are presenting 
results from groups with (1) citizens, (2) stakeholders, (3) both 
CLARIFIED: WE NOW PRESENT ONLY RESULTS RELATING TO THE PUBLIC 
 
- p. 13, first paragraph: here you refer to the noise made by air heat pumps; it can be inferred from 
the text that participants seemed to focus on noise from air heat pumps because it was mentioned 
in the fact-sheets; please address this issue in a more structured way. 
WE HAVE NOW ADDRESSED THIS IN THE CONTEXT OF THE ROLE OF INFORMATION PROVISION AS 
PART OF OUR CONCEPTUAL MODEL 
 
- p. 14, second paragraph: "in the morning" - from the methods section it is not clear that groups 
always started in the morning, maybe re-phrase? 
REPHRASED 
 
- p. 15, title of Box 1: Quotations by whom? Public or stakeholders or both? Something is missing at 
the end of the title. 
TITLE REPHRASED 
 
- p. 17, reference to different groups by using the term "day" - please already explain in the methods 
section 
REFERENCE MOVED TO METHODS SECTION 
 
- p. 19, first paragraph: "day-long sessions" - 3-hrs-sessions are not day-long 
EACH DAY CONSISTED OF TWO SESSIONS OF THREE HOURS WITH A LUNCH BREAK. THIS IS NOW 
CLARIFIED/FORMALISED. 
 
- p. 20, last paragraph: here you mention that two different facilitators lead the groups; please 
discuss if / how this influenced group dynamics and how you ensured stability of conditions 
THERE WAS ONE AND THE SAME FACILITATOR THROUGHOUT, WITH AN OBSERVER/NOTE-TAKER. 
THIS IS NOW CLARIFIED. THE FACILITATOR FOLLOWED AN IDENTICAL SET OF ACTIVITIES AND USED 
IDENTICAL FRAMING IN ALL SESSIONS: ANY VARIATION CAME FROM THE WAY IN WHICH 
PARTICIPANTS INTERACTED WITH EACH OTHER, THE INFORMATION AND THE FACILITATOR.  
 
- p. 22, the first paragraph of the conclusions sections is a summary - maybe choose another title for 
this section 
RETITLED SUMMARY AND CONCLUSIONS 
 
- p. 22, May-September 2010 - please move this information to the methods section 
DONE 
 
- p. 22, third paragraph - here you mention that some participants struggled with the pace of 
information provision; the conclusions-section is not the appropriate section to come up with this 
kind of information - please also provide information on the educational background of the 
participants (in the methods section, discuss influence with results and/or limitations) 
- Highlights: third point - "participants' " 
WE HAVE MOVED THE REFERENCE. PARTICIPANTS WERE SELECTED BY A MARKET RESEARCH FIRM 
TO CONSTITUTE A WITHIN-GROUP BALANCE OF UK SOCIAL CLASS ABC1 HOMEOWNERS ON THE 
NRS CLASSIFICATION (NOW REFERENCED). THIS GROUP WAS CONSIDERED MOST LIKELY TO HAVE 
THE POTENTIAL, IN TERMS OF RESOURCES, TO INSTALL DOMESTIC-LEVEL ENERGY EFFICIENCY AND 
GENERATION TECHNOLOGIES. WE NOW MAKE THIS AND ITS POTENTIAL IMPLICATIONS CLEARER. 
Highlights 
 We reflect on the learning processes of energy scenario participants 
 GRIP energy-emissions backcasting software was used with 4 groups of the public 
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Abstract 
While there is a literature on public and stakeholder engagement in environmental research and 
scenario development, less attention has been given to the learning processes that take place in 
these contexts. We present public perceptions of emissions contraction scenarios for the UK city of 
Manchester and discuss this in terms of learning theory developed by Lev Vygotsky and Jerome 
Bruner. A key theme of this is the combination of three learning tools of use in social and individual 
learning: scaffolding techniques, scenario building and backcasting.   We discuss the ways in which 
our structured scenario-building process, employing Greenhouse Gas Regional Inventory Protocol 
(GRIP) backcasting software, bring together these components. Following Bruner, learners are 
treated as scientific reasoners, but with the acknowledgement that there are also important 
affective and other dimensions to learning. 
 
Keywords 
Scenarios, energy, climate, opinion, perceptions, learning, Bruner 
 
1. Introduction 
Research on public attitudes to energy technologies and infrastructure more often than not focuses 
on single technologies or implementation projects and less commonly explores public attitudes to 
energy policy, systems or scenarios, in which the interactions and trade-offs among energy options 
are more apparent. Yet, arguably, public responses to energy options cannot be fully understood 
without taking into account the wider context in which choices need to be made. A notable 
illustration of this is the way in which, in recent years, nuclear power has been reframed in terms of 
its potential contribution to climate change mitigation and energy security [1]. One reason for the 
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limited number of studies of public opinion of energy systems and emissions contraction scenarios 
may be the lack of tools available to help with the process. 
 
 Although quantitative aspects of energy scenarios can be rendered comprehensible to non-
specialists, see for example [2], examples of public opinion research with exploratory energy-
emissions modelling tools are still uncommon. If we take the UK, for example, there are only two 
examples in the grey literature, notably an Office of Science and Technology (OST) Science Wise 
initiative in public dialogue [3]; and research conducted for the UK Research Councils [4]. In the 
academic literature, only one other UK research project has focussed on the public’s views of energy 
system transformation as a whole [5]. The latter uses the energy-emissions calculator available on 
the UK Department for Energy and Climate Change website1, designed for the lay-user, and which 
has some commonalities with the GRIP software [6], [7] used here.  
 
In terms of reasons why efforts might be made to engage an under-informed public in energy 
planning or wider scientific activity, rationales fall into three camps: normative rationales view 
engagement as ethically justified, often on democratic grounds; substantive rationales view 
engagement as leading to better decisions, often where scientific uncertainty is high, echoing 
thinking on post-normal science [8]; and instrumental rationales tend to relate to (typically unstated) 
aims, such as the legitimisation of prior decisions [9] and [10]. To these can be added the public 
understanding of science rationales of debunking misperceptions, raising awareness and educating 
[11]; in addition, in a research context and outside of policy processes, engagement may provide 
opinion-related information for its own sake and for the purpose of furthering knowledge.  
 
                                                          
1
 http://my2050.decc.gov.uk/ 
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The suite of scenario studies described below involve an element of all of these rationales, though 
the focus here is on the potential of participative scenario development to inform the participants, 
facilitate learning and ultimately lead to behavioural change. Here we reflect on the use of energy-
emissions software in scenario generation exercises with groups of the public who are not energy 
modellers. The output generated by participants as they discussed and decided on energy 
technology and behavioural options, together with the processes that they are led through, are used 
as a basis for reflecting on generically-applicable implications for learning principles in public 
engagement research. For this purpose we draw in particular on three tools: (i) scaffolding and the 
associated work of Jerome Bruner [12] and [13], who in turn drew on work by Lev Vygotsky from the 
early 20th century; (ii) scenario-building and in particular Chermack and Swanson’s work on learning 
in scenario contexts [14]; and (iii) Robinson’s work on backcasting [15].  
 
In general there is a limited amount of work on learning in scenario contexts. For example, Chermack 
and Swanson [14] emphasise the role of scenario generation in fostering learning, which in turn is 
seen as driving individuals and organizations to re-perceive their environments and hence their 
options for action. Yet, as Chermack observes [16], despite scenario planning being used for 
decades, there has been little empirical research “to refute, support, or explain the effectiveness of 
the process”: much of the work that does exist on scenario processes is descriptive rather than an 
attempt to establish correlation or causation between process and consequence [17]. Moreover, 
while Chermack and Swanson discuss the role of scenario generation in the context of organisational 
learning, as an action-oriented attempt to bring about changes in assumptions and expectations of 
the future [14], here we focus on individual and collective learning in an experimental and 
exploratory context. Our aim at this stage is to illustrate the way in which particular concepts from 
learning theory may help to explain the way in which non-experts are able to engage with unfamiliar 
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technical subjects. Our qualitative and quantitative evidence is used inductively, to support 
discussion and reveal directions for further work, rather than in an hypothesis testing mode. 
 
The particular software tool and scenario process that we have used, the Greenhouse gas Regional 
Inventory Protocol (GRIP), has been applied in 12 European countries and in California with energy 
stakeholders, nearly all of whom unaccustomed to energy and emissions modelling [7]. Our thesis is 
that Bruner’s work offers a starting point for understanding aspects of this process, via his emphasis 
on the importance of the processes of understanding in learning [12], [13]. Specifically, our 
objectives were to investigate the perceptions of non-energy specialists of particular energy-
emissions contraction options in the Greater Manchester city-region.  Day-long focus groups were 
conducted with the public to with the aim of understanding and documenting their perceptions, but 
also to examine the potential for triggering learning and the potential for behavioural change. We 
contribute to the existing energy and wider scenarios literature through the use of a computer-
assisted combination of three different learning tools: scaffolding, scenarios and backcasting, which 
aim to enable and facilitate individual and also collective learning. Through its linkage of an expert-
designed tool with a public participation process, the paper goes some way to responding to the call 
to bridge the gap between expert-led and participatory backcasting [18].  
 
Following this introduction, we set out a theoretical framework based on Bruner’s pedagogical 
scaffolding [12], [13], Chermack and Swanson’s work on learning through scenarios [14] and 
Robinson’s work on backcasting [15], followed by further detail on the research design and methods 
employed, findings and discussion.  We conclude the paper with suggestions for future research on 
social and individual learning through energy and other technology scenario building. 
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2. Bruner and pedagogical scaffolding 
Jerome Bruner’s thinking over several decades is summarised by Puntambekar and Hübscher [19] 
and Takaya [20], both of whom take broad perspectives that set Bruner’s thinking in the wider 
contexts of educational practice and thought respectively. Bruner’s writing may be said to be 
primarily focused on the inter-generational transmission and transcendence of culture – on how 
these processes take place and how they might be facilitated in educational contexts. The processes 
involved are understood as centring not on exposure to knowledge or information per se - an 
approach represented at one extreme by rote learning. Nor are they seen as centring on enabling 
the connection of new information with familiar ideas and contexts, a position put forward by John 
Dewey [21], [22]. Rather, reacting against the latter, against the ‘tabula rasa’ model of the mind 
implicit in behaviourism, and against Piaget’s rather rigid developmental stages, Bruner instead 
proposed that learners construct their own understanding of the world by ordering and categorising 
information [23], [24], [20]. In short, Bruner’s thesis was that the priority for education systems 
should be the teaching of how to learn and discover. This would also allow individuals to transcend 
the culture into which they were born, enabling them to conceive of new possibilities. 
  
When thinking about how these methods might best be taught, Bruner was strongly influenced by 
Lev Vygotsky’s [24], [25] emphasis on the role of social interaction between teacher and learner in 
crossing a ‘Zone of Proximal Development’. This denoted the distance between an individual’s actual 
and potential level of educational development. Bruner used the term scaffolding to describe the 
process of successful interaction between a tutor and a student in this respect. More recently the 
term has come to refer to tools that support student learning in project-based and design-based 
teaching, embracing software tools, curricula and other resources. Commenting on the concept of 
educational scaffolding, Puntambekar and Hübscher [19] echo the observation of Wood et al [26] 
that the atheoretical use of the term has become problematic due to the neglect of its original 
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theoretical features, such as ongoing diagnosis of problems, calibrated support and ‘fading’ of that 
support, as learners gradually acquire the skills that are being taught. More specifically, Wood, 
Bruner, and Ross [26] refer to six types of support that an adult may provide: (i) recruiting the 
student’s interest; (ii) reducing the degrees of freedom in a task by simplifying it; (iii) maintaining 
direction; (iv) highlighting the critical aspects of a task; (v) controlling frustration; and (vi) 
demonstrating ideal solution paths. Throughout this process, a key theme is a shared understanding 
of the goal of the activity (‘intersubjectivity’) [26]. The five criteria for effective scaffolding proposed 
by Applebee [27] echo these:  
 Student ownership of the learning event: the instructional task must allow students to make 
their own contribution to the activity as it evolves; 
 Appropriateness of the instructional task: tasks should build upon the knowledge and skills 
that the student already possesses, but should be difficult enough to allow new learning to 
occur; 
 A structured learning environment: providing a natural sequence of thought and language, 
presenting the student with strategies for approaching the task. 
 Shared responsibility: tasks are solved jointly and collaboratively rather than evaluatively; 
 Transfer of control: learners gradually take greater responsibility for progress. 
 
Comparing Wood, Bruner and Ross [26] and Applebee’s [27] operationalization of Bruner’s 
scaffolding concept, we can observe differences in approach.  Whereas in the former the focus is on 
the facilitator having a key role in the scaffolding process as enabling and facilitating learning and 
guiding the learner through the process towards ideal scenarios, Applebee’s model emphasises a mix 
of aspects ranging from student control over the learning event, the quality of the task set, the 
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importance of the contextual learning environment, aspects of team work and also the transfer of 
control to the student learner.  It may be argued that the latter is more learner-centred and hence 
here we follow Wood, Bruner, and Ross [26], given our use of a strongly structured, facilitator-led 
process. 
  
Even more specifically in this context, Puntambekar and Hübscher [19], referring to Edelson [28] and 
Edelson et al [29], describe how the visualization and modelling capabilities of software tools have 
been used to help students in scientific learning, with some of these tools embodying a variety of 
types of scaffolding: supportive scaffolding, in the form of examples and hints of what to do next, 
‘faded’ by e.g. a ‘stop reminding me’ button; passive scaffolding activated by help buttons that 
provide contextualized help or examples on request; and reflective scaffolding that promotes 
reflection on the task by providing prompts in a notepad window where students can input text [19]. 
In section 5 we discuss these ideas in relation to GRIP and the use of software in helping to create 
lower GHG visions of the future with the wider public. 
 
3. Backcasting 
We explain below that GRIP is a scenario backcasting tool. As Swart et al observe [30], scenario 
approaches are a useful framework and methodology in sustainability science, where social, 
economic and (semi-)natural systems interact; where integration and long term perspectives are 
required, where uncertainties abound; where qualitative and quantitative forms of information both 
have a place; and where communication with non-experts is required. A now well-known approach 
in scenario studies is backcasting, which entails the definition of a desirable future and then working 
backwards from that future to the present in order to plan how this might be achieved (pioneered in 
an energy context by Lovins, [31]; adopted by e.g. [32], [33]). Since the early days of backcasting, the 
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approach has become more popular and more widely applied over the last decade. Backcasting is 
explicitly normative, growing out of discontent with forecasting based on trend extrapolation, with 
its assumptions of on-going increase in demand and (in the early days of energy modelling) a 
disregard for renewable energy technologies and energy conservation [34]. This is not to say that a 
backcasting approach cannot include the use of predictive techniques during a process of 
determining options by which a desired end-point might be achieved [35]. The overall approach of 
backcasting, though, remains fundamentally different in its orientation from forecasting. 
 
Related to this, backcasting is generally more amenable to social participation than is forecasting. 
This need not be an inherent characteristic – it is possible to backcast without social participation 
and it is possible to forecast with social participation. In practice, though, backcasting lends itself to 
the direct or indirect involvement of a range of norms because it is inherently more open to 
alternative pathways. Variety can in principle be a feature of forecasting via the use of alternative 
assumptions. Forecasting can also make use of more than one model, allowing subsequent 
comparison. However, the available options are constrained relative to those provided by a 
backcasting approach. Forecasting is largely model-led: if the model cannot accommodate a 
perspective or an assumption, it will by necessity be excluded from the modelling process. In 
contrast, backcasting challenges participants to find appropriate tools for the purpose. It need not 
begin with those tools as pre-defined (though it may). This is also not to ignore the potential 
downsides of stakeholder participation in scenario modelling: stakeholder participation may, for 
example, contribute to path-dependency due to the participants safeguarding vested interests [36]. 
Nonetheless, a backcasting scenario process offers the potential for social learning in a given context 
[34]. Our purpose here is to point to some of the cognitive processes and enabling techniques that 
may facilitate at least individual learning. Finally, in so far as GRIP has been used with participants 
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with widely differing levels of technical energy expertise [7], the paper also connects to the call to 
bridge the gap between expert-led and participatory backcasting [18].  
 
4. Objectives and methods 
The empirical part of the paper comes from a suite of studies of stakeholder and public perceptions 
of how a UK city-region (Greater Manchester) might meet its CO2 reduction targets. For brevity, here 
we use only data from the studies with the public. Greater Manchester is designated as a UK ‘Low 
Carbon Economic Area’, meaning that it has been identified by national government as a flagship 
region in terms of delivering national emissions-reduction targets. As such, the region has its own 
CO2 emission targets: a 41% reduction by 2020 and a 93% reduction by 2050, relative to 2005; the 
2020 target reduction relative to 1990 is 48% and indicative figures for average per capita CO2 in 
2008 (the latest available as of mid-2011) put the region at 7.1tCO2 per capita (compared to a UK 
average of 8.7t) [37]. The targets are derived via sector-specific downscaling from national scenarios 
undertaken for the national Climate Change Committee 1st report, the latter body having a statutory 
remit to advise the UK government on climate change policy. The above absolute emission values 
are based on production-based accounting of CO2 only; consumption-based (i.e. embodied, including 
imported) emissions data places the GHG footprint of Greater Manchester citizens at 15.7tCO2e per 
capita, similar to the UK average [38]. 
 
Understanding and documenting both public and stakeholder opinion and experiences provides the 
opportunity to take these into account when designing corresponding policy. In this case, the results 
formed part of a parallel energy planning process by and with local agencies [39]. The stakeholder 
workshops had the additional objective of engaging and informing those with relevant 
responsibilities in areas of transport, energy and water utilities, land use planning etc, in commercial 
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and non-commercial organizations in the region [39].  
 
Specifically, the workshops with the public were designed so as to enable exploration of: (a) non-
expert stakeholder perception of what constitutes ‘acceptable’ emissions contraction scenarios in 
terms of rate of emissions contraction and the energy technology mix for residential dwellings; and 
(b) facilitate understanding of the learning processes involved. Related work [40] informed the 
format of information provision and response evaluation; our approach to relating theory and 
empirics is retroductive in the sense of applying explanatory theory after data collection, to help 
explain findings [41]. A day-long (6 hour) focus group design was used to reveal the issues that 
arose; recruits were social class ABC1 [42], gender balanced and of mixed age, recruited by a market 
research company working to Market Research Society standards [43]. There were with 8-10 
individuals in each group. The results of four focus groups centering on scenario generation are used 
below: three with homeowners and one with landlords, all from Greater Manchester. Home 
ownership and inclusion of landlords were intended to elicit plausible but potentially contrasting 
perceptions. Using the GRIP scenario tool, each workshop produced a scenario of how Manchester 
might meet its GHG reduction targets for domestic dwellings, with group discussion and close 
moderation by the facilitator (one of the authors). 
 
In terms of the rationale for examining public perceptions and learning, the public play the roles of 
both citizens and consumers, installing (or not installing) technologies and providing varying degrees 
of support for energy transitions policies: understanding societal views, perceptions and experiences 
is important in seeking a public mandate for policy. Learning in its broadest sense is assumed to be a 
necessary (though not sufficient) condition for that support.  
 
The public groups were given the hypothetical brief of advising regional decision-makers on the 
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delivery of emissions reduction targets in the residential sector, drawing on their own views of the 
available options. The residential sector was selected principally because there is relatively little 
information on UK public attitudes to microgen and related energy efficiency technology, and even 
less in the context of public opinion of emissions contraction scenarios. Participants were 
encouraged to think in terms of direct energy consumption in their own homes; the energetic 
aspects of transport, food, clothing and other purchases were excluded from consideration for 
simplicity.  
 
As stated, given the facilitator-led style of focus group, our scenario development process can be 
mapped to the stages set out by Wood et al [26], creating a process that guided participants through 
six stages of information provision and opinion elicitation. First, a short introduction to 
anthropogenic global warming was provided as a rationale.  Second, participants were given a set of 
factsheets describing some key macro electricity generation technologies <annex A> and energy 
options for the home <annex B>. They were asked to read the factsheets and rank the options in 
terms of their preferred order for implementation. Third, they were asked to arrive at a group view 
of which electricity generation technologies they would prefer to see implemented and to also 
review their earlier, individual choices. The fourth and fifth stages followed a similar structure to the 
second and third, but with a focus on technologies for home (domestic-level) energy generation and 
energy efficiency. At this point respondents again completed the technology ranking exercise. Sixth, 
participants were taken through an energy-emissions scenario exercise for 2050 and 2020, using the 
GRIP scenario tool. This enabled observation of the impacts of their choices in the preceding stages. 
Figure 1 summarises the process, applying scaffolding concepts to the stages in the scenario 
generation exercise as a whole.  
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The discussions were recorded and transcribed and the energy technology choices and their 
emissions consequences recorded in GRIP as MS Excel sheets and later graphed. The technical 
specification of GRIP itself is described in Carney [44], with an overview also available [6]. The tool 
essentially consists of a particular database format populated by a location-specific GHG inventory, 
linked via fixed coefficients to a wide range of energy technology options, the scale of which can be 
readily manipulated through an interface of sliders and dials in a scenario tool1.  
 
5. Public and stakeholder opinion on energy options and scenarios 
This section presents an overview of notable results; interpretation and discussion is in the 
subsequent section.  Quantitative data analysis is complemented with qualitative findings as 
appropriate.  At the domestic level, energy efficiency options were generally as the first priority, 
above energy generation options, a response that echoes the technical modelling of domestic 
emissions reduction potential [45]. The relatively high ranking of domestic solar parallels previous 
national and European findings ([46], [47]): above all energy options, solar tends to be perceived as a 
benign, clean technology. Biomass heating suffered from an association with polluting activity, 
though those who had practical experience of a modern biomass boiler took a more favourable 
view. Concern about the noise of air heat pumps was common, though few had encountered these 
and the influence of the information that we gave to the participants <Annex 2> was certainly 
significant in this regard. Micro-CHP appeared to be poorly understood despite our provision of 
information, while district CHP had industrial associations. Retrofitting was widely seen as more 
problematic and costly than new build in terms of installing microgen. 
 
The views of the landlord group were in many respects similar to the public groups, but with some 
notable differences including: being strongly financially-driven; wanting shorter payback times for 
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investments in rented properties compared to own properties; strong interest in residential energy-
related investment opportunities; willingness to accept heating technologies in rental properties 
that they would not accept in their own homes (such as blown air heating); more sophisticated 
discussion of practicalities, such as sharing hot water storage between a biomass boiler and solar 
thermal, and the need for new hot water storage installation, given the recent legislatively-driven 
push for gas combination boilers in the UK; a stronger interest in micro-CHP than in the other 
groups; notably less concern about biomass combustion and nuclear power and a greater 
appreciation of the potential of hydrogen for storage/balancing and CCS. While the landlords ranked 
the technologies differently to the extent of statistical significance, there was no such difference in 
their views of what would suit their rental properties and their own homes <Annex 3>. 
 
In general cost was perceived by landlords as an incentive for saving energy and triggering 
behavioural change – for example:  “I suppose they get the energy bill so it’s in their interests to do 
it” and “Energy use first because of no cost to me” (landlords speaking about tenants and prioritising 
energy demand reduction).  A further consideration was short versus long-term investment: 
landlords were mostly interested in short payback periods, hence relatively easy, low cost insulation 
measures were favoured:  “Insulation is easy, you can get grants to have it done”.  A clear link was 
made between the capital cost of technology options and pay-back time: “The expensive ones only 
work on a long term basis, but many of us are looking for short-term”, with “disruption” also playing 
a role for both landlords and tenants.  In general a cost-benefit dialogue permeated the discussions 
with landlords to a much greater extent than in the wider public groups.  
 
Regarding the macro energy technologies, in addition to generally affirming a large expansion of 
wind energy infrastructure (particularly offshore), participants tended to approve of the concept of a 
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European grid mooted in the guidance sheets, envisioning electrical import coming from southern to 
northern Europe generated by extensive solar PV and concentrated solar thermal arrays. Electrical 
generation via biomass and waste combustion also ranked highly at the macro level, despite being 
placed last on the domestic technology front and despite local air pollution being a concern. 
Advanced nuclear-based electricity generation was the power generation technology that created 
the largest variation in individual preferences.  Fossil CCS, fossil natural gas and coal followed at the 
lowest end of the technology rankings, in that order, in terms of approval. 
 
The scenario exercise required the groups to apply their learning and consideration in the morning 
session to deliver emissions reduction targets for 2020 and 2050. Their ideas, developed in 
discussion with the facilitator, were tested through use of the scenario tool - for example, 
participants in one group achieved a notional CO2 reduction of 20-25% by 2020 primarily through a 
reduction in heating demand that they considered would be delivered first in the new build and 
social housing sectors and thereafter in the wider building stock, funded through national 
government incentives to local councils that would be passed on to the public. Overall, participants 
had little trouble envisaging a city scale 41% CO2 emissions reduction by 2020 relative to a 2005 
baseline, substantially made up of reduced gas consumption, changes to the electrical grid mix and 
on-site (in-home) power and heat generation. In delivering major emissions reductions, electrical 
supply, both national and on-site, was viewed as key in the provision of all energy services.  
 
Envisaging a 90% CO2 emissions reduction for 2050, however, was found to be much more difficult. 
In the public groups, difficulty in plausibly meeting the 90% reduction (despite this excluding 
international-transport and embodied emissions) often led to related discussion of governance and 
ethics, particularly issues of whether various forms of compulsion would be justifiable or acceptable. 
Some disillusionment, also tinged with resigned humour was also sometimes expressed when 
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perceiving that meeting the long term national target of minus 90% would be very difficult. 
 
The landlords envisaged reductions in energy demand of up to 20% over the first 10 years and were 
divided over an increase in electrical heating. In terms of macro supply in their scenario, on- and off-
shore wind accounted for 41% of electricity generation and nuclear accounted for 19% <Annex 4>. 
At the micro level, ground source heat pumps were viewed as preferable to air source due to the 
noise anticipated from the latter. Micro-CHP was viewed as having some appeal to the extent that it 
replaced a boiler, but it was also considered unfeasibly expensive. In general, demand reduction 
through insulation and approaches including behavioural change featured highly, as did CHP and 
domestic solar thermal. 
 
In terms of the scenario output by the public there were strong commonalities, driven to some 
extent by what is technically possible in the timeframe. Figures 2-4 summarise the scenarios 
generated by the public: the chart at the top of each Figure shows the envisaged macro electricity 
generation technology mix for 2020 and 2050, the middle chart shows the envisaged energy 
technology mix for domestic residences and the lower chart shows envisaged residential electricity 
consumption by source. In all groups, the production of electricity from the National Grid became by 
necessity largely carbon free: where electricity was produced using fossil sources, this was usually 
combined with Carbon Capture and Storage (CCS) (no coal use was assumed). In two of the three 
scenarios, electricity consumption sourced from the National Grid reduced over time, displaced 
largely by a greater uptake of on-site renewable technologies and Combined Heat and Power (CHP) 
units. As can be seen in Figures 2-4, the emissions reductions achieved were largely similar by sector 
in each group, again raising the issue of apparent technological necessity or determinism: despite an 
apparently large range of technological options, the need for large scale emission reductions seems 
to force deliberative groups into a relatively limited range of choices. 
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<Please insert Figures 2, 3 and 4> 
 
Our experience is that building emissions reduction scenarios with GRIP helped participants to 
understand the scale of change required to meet the near-term emissions reduction targets and 
what may be required to bring about those changes. Participants did not treat the scenarios as 
hypothetical contexts, but endeavoured to be realistic in their judgments.  In fact, the qualitative 
analysis of the data supports this point insofar that the feasibility of the measures was a key issue for 
most participants. For example in relation to micro-CHP: “It seemed reasonably possible to get it 
done….” and “first is insulation, as it seems the most economical way of keeping in heat and it’s not 
mad expensive. One of the do-ables…” (public group). A further comment on CHP: “So if you had an 
industry down the road it would be suitable for that?…so it would be more suitable for new buildings 
then?”  The latter also highlights a potential readiness, willingness for the participants to question 
and revise existing views and change existing perceptions about what is possible and suitable – at 
least where this did not conflict with some other priority or value.  
 
6. Discussion 
6.1 General observations 
Learning is without doubt a complex, multifaceted phenomenon. Through the scenario generation 
processes we observe the potential for a variety of types and drivers of learning, including what 
might be termed enforced learning through legislation and regulation; learning through semi-
voluntary, financial incentives; and voluntary learning through insight, through change in awareness.  
Regardless of whether learning is enforced, semi-voluntary or voluntary, such learning takes the 
participant out of his/her usual comfort zone and has the potential to trigger change in habits. Very 
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few of the participants in the GRIP scenario processes had prior experience of energy-emissions 
modelling and many lacked awareness of these issues. Much as Bruner prescribed, through the day-
long sessions, participants were incrementally enabled to build an understanding of some of the 
factors involved in achieving emissions contraction, specifically relating to energy technologies. They 
were also provided with the means with which to model this, including the means with which to see 
the results of that modelling in real time. Participants were treated much as Bruner’s ‘logico-
scientific’ thinkers [48] (though we refer to other cognitive approaches below) and used the same 
software as is used by agencies to compile emissions inventories in several countries [7]. Artefacts 
used to assist in the scaffolding consisted of ‘fact sheets’ and the software itself, used in the context 
of group discussion. In addition running through the experience as a whole was a narrative of 
significance and urgency, with commentary and interpretation provided throughout the day. 
 
6.2 Barriers to learning 
In addition to learning, there was also considerable persistence in attitudes and behaviour, at least 
in the initial phase of information provision. This included the persistence of negative attitudes, 
expressed in terms of risk, aesthetics and environmental impact (e.g. “dangerous”, “not popular”, 
“futuristic”, “hazardous”, “ugly” , “huge”), often with striking, sense-based attributes (in terms of 
noise, smell, vision - e.g. onshore wind turbines as “eyesores”). Generally, attitudinal persistence is 
understood as antithetical to both attitudinal and behavioural change; for example: “Difficult when 
you’ve got used to a certain way, to change back to how things used to be” (house owner).  Some 
participants rationalised their unwillingness to change in generational terms:  “Maybe it’s too late 
for us but we need to educate future generations”.  
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Figure 5 shows the ranking of individual, residential-level technologies by the public before and after 
considering the factsheets; the Figure also shows the technology ranking by the landlords in terms of 
deployment in their own home relative to their rental properties (1 is the highest or best rank, 10 
the lowest or worst). While there are some before/after differences and own home/rental home 
differences, these are not statistically significant <Annex 5>. Rather, it is the ranking differences 
between technologies that are significant and what is most striking above all is the commonality of 
opinion between groups and over time (the latter for the public groups). In other words, provision of 
information and discussion of this did not shift attitudes to individual, domestic-level technologies. 
In contrast, obliging participants to meet stringent climate targets did lead to their use of the more 
controversial of the lower carbon macro technology options. We did not measure attitudes to 
individual technologies at the end of the scenario session and so it remains an open question as to 
whether or not the mean ranking of nuclear as a macro option may have shifted to the positive by 
the end of the exercise. It should be noted that the participants omitted completely the non-CCS 
fossil fuel options from the 2050 options (Figures 2-4). 
 
<Please insert Figure 5> 
 
The finding of attitudinal persistence through the period of scenario generation processes brings 
into question the capacity of such processes to generate attitude and behaviour change as an 
expression of new understanding or knowledge. It also raises the issue, as mentioned, of 
technological necessity as a potential constraint on deliberative outcomes.  Participants were 
obliged to envisage technology mixes that they did not necessarily prefer, as they struggled to 
approach a 90% reduction in CO2 emissions by 2050. This dissonance or disconnect was less evident 
for the interim scenario date (2020). 
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Moreover, as scenarios are often developed with the objective of organisational learning [16], 
attitudinal persistence raises the issues of what can be expected to be learned, which types of 
attitude can be expected to persist, which types of individual or organisational behaviour can be 
expected to change and how these processes can be accounted for theoretically. Further issues 
include how related processes might interact with attempts to provide learning-oriented scaffolding, 
pre-existing worldviews and the wide range of variables known to affect attitudes (often classified in 
terms of the characteristics of messenger, channel, message and receiver [49]. The attributes 
associated with these are wide ranging and the literature extensive (see e.g. [50] and in an energy 
context [51]).  
 
It is unlikely that conceptual models developed to account for attitude and behaviour change in 
general can fully capture the change processes involved in scenario development contexts. For 
example, to take a model that emphasises cognition (to which scaffolding relates), the Elaboration 
Likelihood Model [52] postulates that enduring attitude change is more likely to follow when 
individuals give careful consideration to information. Yet our participants spent several hours 
considering options for GHG emissions reduction without much change in their initial attitudes to 
individual energy technologies. Below we consider just some of the many possibilities that arise in 
terms of further work as a result of this and other considerations. 
 
6.3 Further work 
One aspect of learning that merits further investigation is the extent to which there is a shared 
understanding – implicit in the ZPD and scaffolding concepts [53] – of the rationale, objectives and 
value of both the exercise and of emissions contraction per se. This might include assessment of 
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perceptions of the extent of the environmental threat: perception of a high environmental threat 
can be positively associated with a propensity to engage in pro-environmental behaviour [54] and 
may feed through to perception of greater plausibility for higher emissions reductions. Relatedly, 
reactions to the difficulty in reaching -90% CO2 by 2050 would be of particular interest, including 
whether participants felt that they stretched plausibility in these efforts, or whether they discounted 
the views of the two generations beyond their own. Alternative framing of the information provided 
to participants would also likely have some influence on threat perception: in this case we did not 
detail the risks associated with a business as usual global GHG emissions trajectory.  
 
Another potential aspect of participative scenario generation processes that merits closer 
investigation, particularly in this case, is the extent to which, and the manner in which, any software 
or other technical aids function in the role of scaffolding as conceived by Bruner. In the present case, 
use of GRIP was centrally-led as part of a group process. The participants were free to express their 
views and those views were recorded and welcomed; they were also encouraged to experiment with 
GRIP under the facilitator’s guidance. However GRIP is not designed for a complete novice to use 
immediately: it includes too many variables for this, many of which will be wholly unfamiliar to lay 
users. For this reason much of the scaffolding support has to date come from the facilitator, who 
maintains an engaged, interpretative commentary that guides the group. One can imagine in future, 
more individualised forms of supportive scaffolding in the sense referred to by Puntambekar and 
Hübscher [19] above, in which the software plays a more active role in guiding and informing. GRIP 
or equivalent calculators might also be tailored to more specific contexts or sectors. 
 
It is also worth considering the extent to which the software meets the five criteria for effective 
scaffolding proposed by Appleby [27]. In terms of learner ownership of the learning event, the GRIP 
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scenario process does allow participants to make their own contribution to the activity as it evolves, 
although GRIP itself can at present only incorporate numerical information. In terms of the 
appropriateness of the instructional task, the large majority of users appear to find the process 
manageable and useful in terms of learning, but occasionally lay users do perceptibly struggle and 
the degree and types of learning at an individual level certainly merit closer investigation. In this 
connection it is worth noting Dewey’s emphasis on linking new learning to familiar aspects of a 
student’s environment *55+: GRIP itself deals with abstract units that need to be explained and 
interpreted for some users. In general the role of the facilitator in connecting GRIP to everyday 
experience is critical. In terms of providing a structured learning environment, while the sessions 
with lay users did first provide accounts of macro and micro energy options before requiring users to 
apply this knowledge, the software is not explicitly instructional in design (though it has this 
potential). Nor does the software attempt to measure the extent or rate of learning by individuals, at 
least as presently designed. In terms of shared responsibility, the task of establishing plausible 
emissions contraction scenarios is solved jointly and collaboratively with the facilitator in an 
instructional role, much as Appleby [27] envisaged. Finally, transfer of control, in which learners 
gradually take greater responsibility for progress, is only fully achieved in single-user contexts. In 
group contexts, participants are initially and encouraged to experiment individually for a short 
period, followed by the input of group-agreed values by the facilitator. 
 
In terms of other potential research directions from cognitive psychology, possibilities include 
mental maps and models [56] or gestalts [57]: concepts that offer different but related accounts of 
learners’ connections between elements learned. To this can be added sociological concepts such as 
Moscovici’s social representations [58], denoting shared understandings, and anchoring as a 
description of the way in which individuals make sense of new ideas and information in relation to 
their existing knowledge. Other possibilities include attention to the role of affect and the sensual 
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side of learning and the learning and unlearning. Similarly the role of narrative in engaging interest 
and in communicating knowledge was recognised by Bruner in his later years [48] and has been a 
focus of attention in the context of computer-assisted learning [59]. 
 
6.4 Limitations 
The above notwithstanding, it is also the case that while providing a high degree of structure allows 
participants to be closely guided, this may also have some disadvantages. For example, initial ‘lay’ 
conceptualisations of energy supply and demand may be obscured by the terminology that 
participants are provided with. The selective information in the fact-sheets and the abstract 
scientific units used in the software will inevitably condition participants’ thinking and perceptions. 
For example, to our knowledge, no participants had direct experience of air source heat pumps and 
hence their perception of the noise of these was inevitably and directly influenced by the 
information that we provided. While we were aware of related noise reports – e.g. [60] report a 
range for air source heat pumps of 59-76dBa at 1m distance – few participants would otherwise be 
aware of this. Nonetheless, as is evident from Figure 5, some of the participants’ own views did 
persist through the sessions and this would likely be the same in other usage cases. 
 
Finally, it should also be recalled that while we are here concerned with learning principles, learning 
is only one aspect of a scenario development process. There are, of course, also substantive political 
issues at stake, particularly in terms of willingness to modify lifestyles in order to achieve energy 
demand reductions and also in relation to paying for energy-related investments, directly in the 
home and indirectly through utility bill increases.  Moreover it should be recalled that participants 
were voicing opinions in a hypothetical context, though generally their level of engagement in the 
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scenario generation process was high and overall we have found these processes illuminating and 
suggestive of much further work.  
 
7. Conclusions 
Approximately 40 members of the public in four separate groups, each convened for one day over 
May-September 2010, gave their views of macro and micro generation technologies in the context 
of long term government targets for emissions reduction. All public participants were home owners 
from Manchester, with one group being landlords.  Each of these groups followed the same research 
design, being provided with initial information on macro and micro lower carbon energy technology 
options; a pre- and post-group questionnaire designed to identify technology ranking and any 
opinion change; and group discussion of how to reach a 42% CO2 reduction target by 2020 and a 
90% reduction target by 2050, using the technologies, in ways that the group considered feasible, 
assisted by a domestic household version of GRIP emission scenario software that shows the 
emissions consequences of different energy technology choices with respect to a recent baseline for 
(in this case) Manchester. The stakeholder groups followed the same design but omitted the initial 
information provision.  
 
The combination of a ranking exercise informed by information sheets, plus use of a domestically-
focussed version of GRIP, have proved useful in both helping the public understand the emissions 
implications of micro-generation technologies and energy efficiency and in generating qualitative 
and quantitative information on perceptions and learning. Our experience in introducing non-
specialists to energy and emissions modelling has led us to look at learning theory that can assist in 
designing scenario development processes. At a superficial level, it is clear that the use of simple 
dials, sliders, immediate feedback and an interpretative commentary help to explain a high level of 
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participant engagement and understanding. As with any emissions calculator, GRIP abstracts and 
simplifies from an array of socio-political and economic complexities that surround energy system 
transformation. In this respect the process follows learning principles that Bruner began to develop 
over 50 years ago. Central to these principles, still strongly influential today, is the concept of 
scaffolding developed by the Soviet psychologist Lev Vygotsky some 80 years ago [61].  
 
There are many possibilities in terms of directions for future research that build upon the above, not 
least because there are many alternative approaches to theorising learning and there is limited 
literature on learning in the context of scenario building. In future we propose to explore some of 
the themes that have arisen in the present study, as we seek to add to the surprisingly scant 
literature on energy and other scenario-based learning. 
 
  
Note 
1. The interface can be experimented with via the ‘sample tool’ link on the project website: 
http://www.getagriponemissions.com/index-cycle.html  
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Figure captions 
Figure 1 Applying the scaffolding steps of  Wood, Bruner and Ross (1976) to the scenario process 
Figure 2 Scenario output from public focus group 1: national electrical grid mix, domestic energy 
technology mix and electricity source  
(note: pellets/liquid/solid are alternative forms of biomass fuels for heating)  
Figure 3 Scenario output from public focus group 2: national electrical grid mix, domestic energy 
technology mix and electricity source  
(note: pellets/liquid/solid are alternative forms of biomass fuels for heating) 
Figure 4 Scenario output from public focus group 3: national electrical grid mix, domestic energy 
technology mix and electricity source  
(note: pellets/liquid/solid are alternative forms of biomass fuels for heating) 
Figure 5 Ranking of domestic energy technologies by participants (10= worst, 1=best) 
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Abstract 
While there is a literature on public and stakeholder engagement in environmental research and 
scenario development, less attention has been given to the learning processes that take place in 
these contexts. We present public perceptions of emissions contraction scenarios for the UK city of 
Manchester and discuss this in terms of learning theory developed by Lev Vygotsky and Jerome 
Bruner. A key theme of this is the combination of three learning tools of use in social and individual 
learning: scaffolding techniques, scenario building and backcasting.   We discuss the ways in which 
our structured scenario-building process, employing Greenhouse Gas Regional Inventory Protocol 
(GRIP) backcasting software, bring together these components. Following Bruner, learners are 
treated as scientific reasoners, but with the acknowledgement that there are also important 
affective and other dimensions to learning. 
 
Keywords 
Scenarios, energy, climate, opinion, perceptions, learning, Bruner 
 
1. Introduction 
Research on public attitudes to energy technologies and infrastructure more often than not focuses 
on single technologies or implementation projects and less commonly explores public attitudes to 
energy policy, systems or scenarios, in which the interactions and trade-offs among energy options 
are more apparent. Yet, arguably, public responses to energy options cannot be fully understood 
without taking into account the wider context in which choices need to be made. A notable 
illustration of this is the way in which, in recent years, nuclear power has been reframed in terms of 
its potential contribution to climate change mitigation and energy security [1]. One reason for the 
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limited number of studies of public opinion of energy systems and emissions contraction scenarios 
may be the lack of tools available to help with the process. 
 
 Although quantitative aspects of energy scenarios can be rendered comprehensible to non-
specialists, see for example [2], examples of public opinion research with exploratory energy-
emissions modelling tools are still uncommon. If we take the UK, for example, there are only two 
examples in the grey literature, notably an Office of Science and Technology (OST) Science Wise 
initiative in public dialogue [3]; and research conducted for the UK Research Councils [4]. In the 
academic literature, only one other UK research project has focussed on the public’s views of energy 
system transformation as a whole [5]. The latter uses the energy-emissions calculator available on 
the UK Department for Energy and Climate Change website1, designed for the lay-user, and which 
has some commonalities with the GRIP software [6], [7] used here.  
 
In terms of reasons why efforts might be made to engage an under-informed public in energy 
planning or wider scientific activity, rationales fall into three camps: normative rationales view 
engagement as ethically justified, often on democratic grounds; substantive rationales view 
engagement as leading to better decisions, often where scientific uncertainty is high, echoing 
thinking on post-normal science [8]; and instrumental rationales tend to relate to (typically unstated) 
aims, such as the legitimisation of prior decisions [9] and [10]. To these can be added the public 
understanding of science rationales of debunking misperceptions, raising awareness and educating 
[11]; in addition, in a research context and outside of policy processes, engagement may provide 
opinion-related information for its own sake and for the purpose of furthering knowledge.  
 
                                                          
1
 http://my2050.decc.gov.uk/ 
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The suite of scenario studies described below involve an element of all of these rationales, though 
the focus here is on the potential of participative scenario development to inform the participants, 
facilitate learning and ultimately lead to behavioural change. Here we reflect on the use of energy-
emissions software in scenario generation exercises with groups of the public who are not energy 
modellers. The output generated by participants as they discussed and decided on energy 
technology and behavioural options, together with the processes that they are led through, are used 
as a basis for reflecting on generically-applicable implications for learning principles in public 
engagement research. For this purpose we draw in particular on three tools: (i) scaffolding and the 
associated work of Jerome Bruner [12] and [13], who in turn drew on work by Lev Vygotsky from the 
early 20th century; (ii) scenario-building and in particular Chermack and Swanson’s work on learning 
in scenario contexts [14]; and (iii) Robinson’s work on backcasting [15].  
 
In general there is a limited amount of work on learning in scenario contexts. For example, Chermack 
and Swanson [14] emphasise the role of scenario generation in fostering learning, which in turn is 
seen as driving individuals and organizations to re-perceive their environments and hence their 
options for action. Yet, as Chermack observes [16], despite scenario planning being used for 
decades, there has been little empirical research “to refute, support, or explain the effectiveness of 
the process”: much of the work that does exist on scenario processes is descriptive rather than an 
attempt to establish correlation or causation between process and consequence [17]. Moreover, 
while Chermack and Swanson discuss the role of scenario generation in the context of organisational 
learning, as an action-oriented attempt to bring about changes in assumptions and expectations of 
the future [14], here we focus on individual and collective learning in an experimental and 
exploratory context. Our aim at this stage is to illustrate the way in which particular concepts from 
learning theory may help to explain the way in which non-experts are able to engage with unfamiliar 
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technical subjects. Our qualitative and quantitative evidence is used inductively, to support 
discussion and reveal directions for further work, rather than in an hypothesis testing mode. 
 
The particular software tool and scenario process that we have used, the Greenhouse gas Regional 
Inventory Protocol (GRIP), has been applied in 12 European countries and in California with energy 
stakeholders, nearly all of whom unaccustomed to energy and emissions modelling [7]. Our thesis is 
that Bruner’s work offers a starting point for understanding aspects of this process, via his emphasis 
on the importance of the processes of understanding in learning [12], [13]. Specifically, our 
objectives were to investigate the perceptions of non-energy specialists of particular energy-
emissions contraction options in the Greater Manchester city-region.  Day-long focus groups were 
conducted with the public to with the aim of understanding and documenting their perceptions, but 
also to examine the potential for triggering learning and the potential for behavioural change. We 
contribute to the existing energy and wider scenarios literature through the use of a computer-
assisted combination of three different learning tools: scaffolding, scenarios and backcasting, which 
aim to enable and facilitate individual and also collective learning. Through its linkage of an expert-
designed tool with a public participation process, the paper goes some way to responding to the call 
to bridge the gap between expert-led and participatory backcasting [18].  
 
Following this introduction, we set out a theoretical framework based on Bruner’s pedagogical 
scaffolding [12], [13], Chermack and Swanson’s work on learning through scenarios [14] and 
Robinson’s work on backcasting [15], followed by further detail on the research design and methods 
employed, findings and discussion.  We conclude the paper with suggestions for future research on 
social and individual learning through energy and other technology scenario building. 
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2. Bruner and pedagogical scaffolding 
Jerome Bruner’s thinking over several decades is summarised by Puntambekar and Hübscher [19] 
and Takaya [20], both of whom take broad perspectives that set Bruner’s thinking in the wider 
contexts of educational practice and thought respectively. Bruner’s writing may be said to be 
primarily focused on the inter-generational transmission and transcendence of culture – on how 
these processes take place and how they might be facilitated in educational contexts. The processes 
involved are understood as centring not on exposure to knowledge or information per se - an 
approach represented at one extreme by rote learning. Nor are they seen as centring on enabling 
the connection of new information with familiar ideas and contexts, a position put forward by John 
Dewey [21], [22]. Rather, reacting against the latter, against the ‘tabula rasa’ model of the mind 
implicit in behaviourism, and against Piaget’s rather rigid developmental stages, Bruner instead 
proposed that learners construct their own understanding of the world by ordering and categorising 
information [23], [24], [20]. In short, Bruner’s thesis was that the priority for education systems 
should be the teaching of how to learn and discover. This would also allow individuals to transcend 
the culture into which they were born, enabling them to conceive of new possibilities. 
  
When thinking about how these methods might best be taught, Bruner was strongly influenced by 
Lev Vygotsky’s [24], [25] emphasis on the role of social interaction between teacher and learner in 
crossing a ‘Zone of Proximal Development’. This denoted the distance between an individual’s actual 
and potential level of educational development. Bruner used the term scaffolding to describe the 
process of successful interaction between a tutor and a student in this respect. More recently the 
term has come to refer to tools that support student learning in project-based and design-based 
teaching, embracing software tools, curricula and other resources. Commenting on the concept of 
educational scaffolding, Puntambekar and Hübscher [19] echo the observation of Wood et al [26] 
that the atheoretical use of the term has become problematic due to the neglect of its original 
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theoretical features, such as ongoing diagnosis of problems, calibrated support and ‘fading’ of that 
support, as learners gradually acquire the skills that are being taught. More specifically, Wood, 
Bruner, and Ross [26] refer to six types of support that an adult may provide: (i) recruiting the 
student’s interest; (ii) reducing the degrees of freedom in a task by simplifying it; (iii) maintaining 
direction; (iv) highlighting the critical aspects of a task; (v) controlling frustration; and (vi) 
demonstrating ideal solution paths. Throughout this process, a key theme is a shared understanding 
of the goal of the activity (‘intersubjectivity’) [26]. The five criteria for effective scaffolding proposed 
by Applebee [27] echo these:  
 Student ownership of the learning event: the instructional task must allow students to make 
their own contribution to the activity as it evolves; 
 Appropriateness of the instructional task: tasks should build upon the knowledge and skills 
that the student already possesses, but should be difficult enough to allow new learning to 
occur; 
 A structured learning environment: providing a natural sequence of thought and language, 
presenting the student with strategies for approaching the task. 
 Shared responsibility: tasks are solved jointly and collaboratively rather than evaluatively; 
 Transfer of control: learners gradually take greater responsibility for progress. 
 
Comparing Wood, Bruner and Ross [26] and Applebee’s [27] operationalization of Bruner’s 
scaffolding concept, we can observe differences in approach.  Whereas in the former the focus is on 
the facilitator having a key role in the scaffolding process as enabling and facilitating learning and 
guiding the learner through the process towards ideal scenarios, Applebee’s model emphasises a mix 
of aspects ranging from student control over the learning event, the quality of the task set, the 
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importance of the contextual learning environment, aspects of team work and also the transfer of 
control to the student learner.  It may be argued that the latter is more learner-centred and hence 
here we follow Wood, Bruner, and Ross [26], given our use of a strongly structured, facilitator-led 
process. 
  
Even more specifically in this context, Puntambekar and Hübscher [19], referring to Edelson [28] and 
Edelson et al [29], describe how the visualization and modelling capabilities of software tools have 
been used to help students in scientific learning, with some of these tools embodying a variety of 
types of scaffolding: supportive scaffolding, in the form of examples and hints of what to do next, 
‘faded’ by e.g. a ‘stop reminding me’ button; passive scaffolding activated by help buttons that 
provide contextualized help or examples on request; and reflective scaffolding that promotes 
reflection on the task by providing prompts in a notepad window where students can input text [19]. 
In section 5 we discuss these ideas in relation to GRIP and the use of software in helping to create 
lower GHG visions of the future with the wider public. 
 
3. Backcasting 
We explain below that GRIP is a scenario backcasting tool. As Swart et al observe [30], scenario 
approaches are a useful framework and methodology in sustainability science, where social, 
economic and (semi-)natural systems interact; where integration and long term perspectives are 
required, where uncertainties abound; where qualitative and quantitative forms of information both 
have a place; and where communication with non-experts is required. A now well-known approach 
in scenario studies is backcasting, which entails the definition of a desirable future and then working 
backwards from that future to the present in order to plan how this might be achieved (pioneered in 
an energy context by Lovins, [31]; adopted by e.g. [32], [33]). Since the early days of backcasting, the 
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approach has become more popular and more widely applied over the last decade. Backcasting is 
explicitly normative, growing out of discontent with forecasting based on trend extrapolation, with 
its assumptions of on-going increase in demand and (in the early days of energy modelling) a 
disregard for renewable energy technologies and energy conservation [34]. This is not to say that a 
backcasting approach cannot include the use of predictive techniques during a process of 
determining options by which a desired end-point might be achieved [35]. The overall approach of 
backcasting, though, remains fundamentally different in its orientation from forecasting. 
 
Related to this, backcasting is generally more amenable to social participation than is forecasting. 
This need not be an inherent characteristic – it is possible to backcast without social participation 
and it is possible to forecast with social participation. In practice, though, backcasting lends itself to 
the direct or indirect involvement of a range of norms because it is inherently more open to 
alternative pathways. Variety can in principle be a feature of forecasting via the use of alternative 
assumptions. Forecasting can also make use of more than one model, allowing subsequent 
comparison. However, the available options are constrained relative to those provided by a 
backcasting approach. Forecasting is largely model-led: if the model cannot accommodate a 
perspective or an assumption, it will by necessity be excluded from the modelling process. In 
contrast, backcasting challenges participants to find appropriate tools for the purpose. It need not 
begin with those tools as pre-defined (though it may). This is also not to ignore the potential 
downsides of stakeholder participation in scenario modelling: stakeholder participation may, for 
example, contribute to path-dependency due to the participants safeguarding vested interests [36]. 
Nonetheless, a backcasting scenario process offers the potential for social learning in a given context 
[34]. Our purpose here is to point to some of the cognitive processes and enabling techniques that 
may facilitate at least individual learning. Finally, in so far as GRIP has been used with participants 
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with widely differing levels of technical energy expertise [7], the paper also connects to the call to 
bridge the gap between expert-led and participatory backcasting [18].  
 
4. Objectives and methods 
The empirical part of the paper comes from a suite of studies of stakeholder and public perceptions 
of how a UK city-region (Greater Manchester) might meet its CO2 reduction targets. For brevity, here 
we use only data from the studies with the public. Greater Manchester is designated as a UK ‘Low 
Carbon Economic Area’, meaning that it has been identified by national government as a flagship 
region in terms of delivering national emissions-reduction targets. As such, the region has its own 
CO2 emission targets: a 41% reduction by 2020 and a 93% reduction by 2050, relative to 2005; the 
2020 target reduction relative to 1990 is 48% and indicative figures for average per capita CO2 in 
2008 (the latest available as of mid-2011) put the region at 7.1tCO2 per capita (compared to a UK 
average of 8.7t) [37]. The targets are derived via sector-specific downscaling from national scenarios 
undertaken for the national Climate Change Committee 1st report, the latter body having a statutory 
remit to advise the UK government on climate change policy. The above absolute emission values 
are based on production-based accounting of CO2 only; consumption-based (i.e. embodied, including 
imported) emissions data places the GHG footprint of Greater Manchester citizens at 15.7tCO2e per 
capita, similar to the UK average [38]. 
 
Understanding and documenting both public and stakeholder opinion and experiences provides the 
opportunity to take these into account when designing corresponding policy. In this case, the results 
formed part of a parallel energy planning process by and with local agencies [39]. The stakeholder 
workshops had the additional objective of engaging and informing those with relevant 
responsibilities in areas of transport, energy and water utilities, land use planning etc, in commercial 
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and non-commercial organizations in the region [39].  
 
Specifically, the workshops with the public were designed so as to enable exploration of: (a) non-
expert stakeholder perception of what constitutes ‘acceptable’ emissions contraction scenarios in 
terms of rate of emissions contraction and the energy technology mix for residential dwellings; and 
(b) facilitate understanding of the learning processes involved. Related work [40] informed the 
format of information provision and response evaluation; our approach to relating theory and 
empirics is retroductive in the sense of applying explanatory theory after data collection, to help 
explain findings [41]. A day-long (6 hour) focus group design was used to reveal the issues that 
arose; recruits were social class ABC1 [42], gender balanced and of mixed age, recruited by a market 
research company working to Market Research Society standards [43]. There were with 8-10 
individuals in each group. The results of four focus groups centering on scenario generation are used 
below: three with homeowners and one with landlords, all from Greater Manchester. Home 
ownership and inclusion of landlords were intended to elicit plausible but potentially contrasting 
perceptions. Using the GRIP scenario tool, each workshop produced a scenario of how Manchester 
might meet its GHG reduction targets for domestic dwellings, with group discussion and close 
moderation by the facilitator (one of the authors). 
 
In terms of the rationale for examining public perceptions and learning, the public play the roles of 
both citizens and consumers, installing (or not installing) technologies and providing varying degrees 
of support for energy transitions policies: understanding societal views, perceptions and experiences 
is important in seeking a public mandate for policy. Learning in its broadest sense is assumed to be a 
necessary (though not sufficient) condition for that support.  
 
The public groups were given the hypothetical brief of advising regional decision-makers on the 
12 
 
delivery of emissions reduction targets in the residential sector, drawing on their own views of the 
available options. The residential sector was selected principally because there is relatively little 
information on UK public attitudes to microgen and related energy efficiency technology, and even 
less in the context of public opinion of emissions contraction scenarios. Participants were 
encouraged to think in terms of direct energy consumption in their own homes; the energetic 
aspects of transport, food, clothing and other purchases were excluded from consideration for 
simplicity.  
 
As stated, given the facilitator-led style of focus group, our scenario development process can be 
mapped to the stages set out by Wood et al [26], creating a process that guided participants through 
six stages of information provision and opinion elicitation. First, a short introduction to 
anthropogenic global warming was provided as a rationale.  Second, participants were given a set of 
factsheets describing some key macro electricity generation technologies <annex A> and energy 
options for the home <annex B>. They were asked to read the factsheets and rank the options in 
terms of their preferred order for implementation. Third, they were asked to arrive at a group view 
of which electricity generation technologies they would prefer to see implemented and to also 
review their earlier, individual choices. The fourth and fifth stages followed a similar structure to the 
second and third, but with a focus on technologies for home (domestic-level) energy generation and 
energy efficiency. At this point respondents again completed the technology ranking exercise. Sixth, 
participants were taken through an energy-emissions scenario exercise for 2050 and 2020, using the 
GRIP scenario tool. This enabled observation of the impacts of their choices in the preceding stages. 
Figure 1 summarises the process, applying scaffolding concepts to the stages in the scenario 
generation exercise as a whole.  
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The discussions were recorded and transcribed and the energy technology choices and their 
emissions consequences recorded in GRIP as MS Excel sheets and later graphed. The technical 
specification of GRIP itself is described in Carney [44], with an overview also available [6]. The tool 
essentially consists of a particular database format populated by a location-specific GHG inventory, 
linked via fixed coefficients to a wide range of energy technology options, the scale of which can be 
readily manipulated through an interface of sliders and dials in a scenario tool1.  
 
5. Public and stakeholder opinion on energy options and scenarios 
This section presents an overview of notable results; interpretation and discussion is in the 
subsequent section.  Quantitative data analysis is complemented with qualitative findings as 
appropriate.  At the domestic level, energy efficiency options were generally as the first priority, 
above energy generation options, a response that echoes the technical modelling of domestic 
emissions reduction potential [45]. The relatively high ranking of domestic solar parallels previous 
national and European findings ([46], [47]): above all energy options, solar tends to be perceived as a 
benign, clean technology. Biomass heating suffered from an association with polluting activity, 
though those who had practical experience of a modern biomass boiler took a more favourable 
view. Concern about the noise of air heat pumps was common, though few had encountered these 
and the influence of the information that we gave to the participants <Annex 2> was certainly 
significant in this regard. Micro-CHP appeared to be poorly understood despite our provision of 
information, while district CHP had industrial associations. Retrofitting was widely seen as more 
problematic and costly than new build in terms of installing microgen. 
 
The views of the landlord group were in many respects similar to the public groups, but with some 
notable differences including: being strongly financially-driven; wanting shorter payback times for 
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investments in rented properties compared to own properties; strong interest in residential energy-
related investment opportunities; willingness to accept heating technologies in rental properties 
that they would not accept in their own homes (such as blown air heating); more sophisticated 
discussion of practicalities, such as sharing hot water storage between a biomass boiler and solar 
thermal, and the need for new hot water storage installation, given the recent legislatively-driven 
push for gas combination boilers in the UK; a stronger interest in micro-CHP than in the other 
groups; notably less concern about biomass combustion and nuclear power and a greater 
appreciation of the potential of hydrogen for storage/balancing and CCS. While the landlords ranked 
the technologies differently to the extent of statistical significance, there was no such difference in 
their views of what would suit their rental properties and their own homes <Annex 3>. 
 
In general cost was perceived by landlords as an incentive for saving energy and triggering 
behavioural change – for example:  “I suppose they get the energy bill so it’s in their interests to do 
it” and “Energy use first because of no cost to me” (landlords speaking about tenants and prioritising 
energy demand reduction).  A further consideration was short versus long-term investment: 
landlords were mostly interested in short payback periods, hence relatively easy, low cost insulation 
measures were favoured:  “Insulation is easy, you can get grants to have it done”.  A clear link was 
made between the capital cost of technology options and pay-back time: “The expensive ones only 
work on a long term basis, but many of us are looking for short-term”, with “disruption” also playing 
a role for both landlords and tenants.  In general a cost-benefit dialogue permeated the discussions 
with landlords to a much greater extent than in the wider public groups.  
 
Regarding the macro energy technologies, in addition to generally affirming a large expansion of 
wind energy infrastructure (particularly offshore), participants tended to approve of the concept of a 
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European grid mooted in the guidance sheets, envisioning electrical import coming from southern to 
northern Europe generated by extensive solar PV and concentrated solar thermal arrays. Electrical 
generation via biomass and waste combustion also ranked highly at the macro level, despite being 
placed last on the domestic technology front and despite local air pollution being a concern. 
Advanced nuclear-based electricity generation was the power generation technology that created 
the largest variation in individual preferences.  Fossil CCS, fossil natural gas and coal followed at the 
lowest end of the technology rankings, in that order, in terms of approval. 
 
The scenario exercise required the groups to apply their learning and consideration in the morning 
session to deliver emissions reduction targets for 2020 and 2050. Their ideas, developed in 
discussion with the facilitator, were tested through use of the scenario tool - for example, 
participants in one group achieved a notional CO2 reduction of 20-25% by 2020 primarily through a 
reduction in heating demand that they considered would be delivered first in the new build and 
social housing sectors and thereafter in the wider building stock, funded through national 
government incentives to local councils that would be passed on to the public. Overall, participants 
had little trouble envisaging a city scale 41% CO2 emissions reduction by 2020 relative to a 2005 
baseline, substantially made up of reduced gas consumption, changes to the electrical grid mix and 
on-site (in-home) power and heat generation. In delivering major emissions reductions, electrical 
supply, both national and on-site, was viewed as key in the provision of all energy services.  
 
Envisaging a 90% CO2 emissions reduction for 2050, however, was found to be much more difficult. 
In the public groups, difficulty in plausibly meeting the 90% reduction (despite this excluding 
international-transport and embodied emissions) often led to related discussion of governance and 
ethics, particularly issues of whether various forms of compulsion would be justifiable or acceptable. 
Some disillusionment, also tinged with resigned humour was also sometimes expressed when 
16 
 
perceiving that meeting the long term national target of minus 90% would be very difficult. 
 
The landlords envisaged reductions in energy demand of up to 20% over the first 10 years and were 
divided over an increase in electrical heating. In terms of macro supply in their scenario, on- and off-
shore wind accounted for 41% of electricity generation and nuclear accounted for 19% <Annex 4>. 
At the micro level, ground source heat pumps were viewed as preferable to air source due to the 
noise anticipated from the latter. Micro-CHP was viewed as having some appeal to the extent that it 
replaced a boiler, but it was also considered unfeasibly expensive. In general, demand reduction 
through insulation and approaches including behavioural change featured highly, as did CHP and 
domestic solar thermal. 
 
In terms of the scenario output by the public there were strong commonalities, driven to some 
extent by what is technically possible in the timeframe. Figures 2-4 summarise the scenarios 
generated by the public: the chart at the top of each Figure shows the envisaged macro electricity 
generation technology mix for 2020 and 2050, the middle chart shows the envisaged energy 
technology mix for domestic residences and the lower chart shows envisaged residential electricity 
consumption by source. In all groups, the production of electricity from the National Grid became by 
necessity largely carbon free: where electricity was produced using fossil sources, this was usually 
combined with Carbon Capture and Storage (CCS) (no coal use was assumed). In two of the three 
scenarios, electricity consumption sourced from the National Grid reduced over time, displaced 
largely by a greater uptake of on-site renewable technologies and Combined Heat and Power (CHP) 
units. As can be seen in Figures 2-4, the emissions reductions achieved were largely similar by sector 
in each group, again raising the issue of apparent technological necessity or determinism: despite an 
apparently large range of technological options, the need for large scale emission reductions seems 
to force deliberative groups into a relatively limited range of choices. 
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<Please insert Figures 2, 3 and 4> 
 
Our experience is that building emissions reduction scenarios with GRIP helped participants to 
understand the scale of change required to meet the near-term emissions reduction targets and 
what may be required to bring about those changes. Participants did not treat the scenarios as 
hypothetical contexts, but endeavoured to be realistic in their judgments.  In fact, the qualitative 
analysis of the data supports this point insofar that the feasibility of the measures was a key issue for 
most participants. For example in relation to micro-CHP: “It seemed reasonably possible to get it 
done….” and “first is insulation, as it seems the most economical way of keeping in heat and it’s not 
mad expensive. One of the do-ables…” (public group). A further comment on CHP: “So if you had an 
industry down the road it would be suitable for that?…so it would be more suitable for new buildings 
then?”  The latter also highlights a potential readiness, willingness for the participants to question 
and revise existing views and change existing perceptions about what is possible and suitable – at 
least where this did not conflict with some other priority or value.  
 
6. Discussion 
6.1 General observations 
Learning is without doubt a complex, multifaceted phenomenon. Through the scenario generation 
processes we observe the potential for a variety of types and drivers of learning, including what 
might be termed enforced learning through legislation and regulation; learning through semi-
voluntary, financial incentives; and voluntary learning through insight, through change in awareness.  
Regardless of whether learning is enforced, semi-voluntary or voluntary, such learning takes the 
participant out of his/her usual comfort zone and has the potential to trigger change in habits. Very 
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few of the participants in the GRIP scenario processes had prior experience of energy-emissions 
modelling and many lacked awareness of these issues. Much as Bruner prescribed, through the day-
long sessions, participants were incrementally enabled to build an understanding of some of the 
factors involved in achieving emissions contraction, specifically relating to energy technologies. They 
were also provided with the means with which to model this, including the means with which to see 
the results of that modelling in real time. Participants were treated much as Bruner’s ‘logico-
scientific’ thinkers [48] (though we refer to other cognitive approaches below) and used the same 
software as is used by agencies to compile emissions inventories in several countries [7]. Artefacts 
used to assist in the scaffolding consisted of ‘fact sheets’ and the software itself, used in the context 
of group discussion. In addition running through the experience as a whole was a narrative of 
significance and urgency, with commentary and interpretation provided throughout the day. 
 
6.2 Barriers to learning 
In addition to learning, there was also considerable persistence in attitudes and behaviour, at least 
in the initial phase of information provision. This included the persistence of negative attitudes, 
expressed in terms of risk, aesthetics and environmental impact (e.g. “dangerous”, “not popular”, 
“futuristic”, “hazardous”, “ugly” , “huge”), often with striking, sense-based attributes (in terms of 
noise, smell, vision - e.g. onshore wind turbines as “eyesores”). Generally, attitudinal persistence is 
understood as antithetical to both attitudinal and behavioural change; for example: “Difficult when 
you’ve got used to a certain way, to change back to how things used to be” (house owner).  Some 
participants rationalised their unwillingness to change in generational terms:  “Maybe it’s too late 
for us but we need to educate future generations”.  
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Figure 5 shows the ranking of individual, residential-level technologies by the public before and after 
considering the factsheets; the Figure also shows the technology ranking by the landlords in terms of 
deployment in their own home relative to their rental properties (1 is the highest or best rank, 10 
the lowest or worst). While there are some before/after differences and own home/rental home 
differences, these are not statistically significant <Annex 5>. Rather, it is the ranking differences 
between technologies that are significant and what is most striking above all is the commonality of 
opinion between groups and over time (the latter for the public groups). In other words, provision of 
information and discussion of this did not shift attitudes to individual, domestic-level technologies. 
In contrast, obliging participants to meet stringent climate targets did lead to their use of the more 
controversial of the lower carbon macro technology options. We did not measure attitudes to 
individual technologies at the end of the scenario session and so it remains an open question as to 
whether or not the mean ranking of nuclear as a macro option may have shifted to the positive by 
the end of the exercise. It should be noted that the participants omitted completely the non-CCS 
fossil fuel options from the 2050 options (Figures 2-4). 
 
<Please insert Figure 5> 
 
The finding of attitudinal persistence through the period of scenario generation processes brings 
into question the capacity of such processes to generate attitude and behaviour change as an 
expression of new understanding or knowledge. It also raises the issue, as mentioned, of 
technological necessity as a potential constraint on deliberative outcomes.  Participants were 
obliged to envisage technology mixes that they did not necessarily prefer, as they struggled to 
approach a 90% reduction in CO2 emissions by 2050. This dissonance or disconnect was less evident 
for the interim scenario date (2020). 
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Moreover, as scenarios are often developed with the objective of organisational learning [16], 
attitudinal persistence raises the issues of what can be expected to be learned, which types of 
attitude can be expected to persist, which types of individual or organisational behaviour can be 
expected to change and how these processes can be accounted for theoretically. Further issues 
include how related processes might interact with attempts to provide learning-oriented scaffolding, 
pre-existing worldviews and the wide range of variables known to affect attitudes (often classified in 
terms of the characteristics of messenger, channel, message and receiver [49]. The attributes 
associated with these are wide ranging and the literature extensive (see e.g. [50] and in an energy 
context [51]).  
 
It is unlikely that conceptual models developed to account for attitude and behaviour change in 
general can fully capture the change processes involved in scenario development contexts. For 
example, to take a model that emphasises cognition (to which scaffolding relates), the Elaboration 
Likelihood Model [52] postulates that enduring attitude change is more likely to follow when 
individuals give careful consideration to information. Yet our participants spent several hours 
considering options for GHG emissions reduction without much change in their initial attitudes to 
individual energy technologies. Below we consider just some of the many possibilities that arise in 
terms of further work as a result of this and other considerations. 
 
6.3 Further work 
One aspect of learning that merits further investigation is the extent to which there is a shared 
understanding – implicit in the ZPD and scaffolding concepts [53] – of the rationale, objectives and 
value of both the exercise and of emissions contraction per se. This might include assessment of 
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perceptions of the extent of the environmental threat: perception of a high environmental threat 
can be positively associated with a propensity to engage in pro-environmental behaviour [54] and 
may feed through to perception of greater plausibility for higher emissions reductions. Relatedly, 
reactions to the difficulty in reaching -90% CO2 by 2050 would be of particular interest, including 
whether participants felt that they stretched plausibility in these efforts, or whether they discounted 
the views of the two generations beyond their own. Alternative framing of the information provided 
to participants would also likely have some influence on threat perception: in this case we did not 
detail the risks associated with a business as usual global GHG emissions trajectory.  
 
Another potential aspect of participative scenario generation processes that merits closer 
investigation, particularly in this case, is the extent to which, and the manner in which, any software 
or other technical aids function in the role of scaffolding as conceived by Bruner. In the present case, 
use of GRIP was centrally-led as part of a group process. The participants were free to express their 
views and those views were recorded and welcomed; they were also encouraged to experiment with 
GRIP under the facilitator’s guidance. However GRIP is not designed for a complete novice to use 
immediately: it includes too many variables for this, many of which will be wholly unfamiliar to lay 
users. For this reason much of the scaffolding support has to date come from the facilitator, who 
maintains an engaged, interpretative commentary that guides the group. One can imagine in future, 
more individualised forms of supportive scaffolding in the sense referred to by Puntambekar and 
Hübscher [19] above, in which the software plays a more active role in guiding and informing. GRIP 
or equivalent calculators might also be tailored to more specific contexts or sectors. 
 
It is also worth considering the extent to which the software meets the five criteria for effective 
scaffolding proposed by Appleby [27]. In terms of learner ownership of the learning event, the GRIP 
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scenario process does allow participants to make their own contribution to the activity as it evolves, 
although GRIP itself can at present only incorporate numerical information. In terms of the 
appropriateness of the instructional task, the large majority of users appear to find the process 
manageable and useful in terms of learning, but occasionally lay users do perceptibly struggle and 
the degree and types of learning at an individual level certainly merit closer investigation. In this 
connection it is worth noting Dewey’s emphasis on linking new learning to familiar aspects of a 
student’s environment *55+: GRIP itself deals with abstract units that need to be explained and 
interpreted for some users. In general the role of the facilitator in connecting GRIP to everyday 
experience is critical. In terms of providing a structured learning environment, while the sessions 
with lay users did first provide accounts of macro and micro energy options before requiring users to 
apply this knowledge, the software is not explicitly instructional in design (though it has this 
potential). Nor does the software attempt to measure the extent or rate of learning by individuals, at 
least as presently designed. In terms of shared responsibility, the task of establishing plausible 
emissions contraction scenarios is solved jointly and collaboratively with the facilitator in an 
instructional role, much as Appleby [27] envisaged. Finally, transfer of control, in which learners 
gradually take greater responsibility for progress, is only fully achieved in single-user contexts. In 
group contexts, participants are initially and encouraged to experiment individually for a short 
period, followed by the input of group-agreed values by the facilitator. 
 
In terms of other potential research directions from cognitive psychology, possibilities include 
mental maps and models [56] or gestalts [57]: concepts that offer different but related accounts of 
learners’ connections between elements learned. To this can be added sociological concepts such as 
Moscovici’s social representations [58], denoting shared understandings, and anchoring as a 
description of the way in which individuals make sense of new ideas and information in relation to 
their existing knowledge. Other possibilities include attention to the role of affect and the sensual 
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side of learning and the learning and unlearning. Similarly the role of narrative in engaging interest 
and in communicating knowledge was recognised by Bruner in his later years [48] and has been a 
focus of attention in the context of computer-assisted learning [59]. 
 
6.4 Limitations 
The above notwithstanding, it is also the case that while providing a high degree of structure allows 
participants to be closely guided, this may also have some disadvantages. For example, initial ‘lay’ 
conceptualisations of energy supply and demand may be obscured by the terminology that 
participants are provided with. The selective information in the fact-sheets and the abstract 
scientific units used in the software will inevitably condition participants’ thinking and perceptions. 
For example, to our knowledge, no participants had direct experience of air source heat pumps and 
hence their perception of the noise of these was inevitably and directly influenced by the 
information that we provided. While we were aware of related noise reports – e.g. [60] report a 
range for air source heat pumps of 59-76dBa at 1m distance – few participants would otherwise be 
aware of this. Nonetheless, as is evident from Figure 5, some of the participants’ own views did 
persist through the sessions and this would likely be the same in other usage cases. 
 
Finally, it should also be recalled that while we are here concerned with learning principles, learning 
is only one aspect of a scenario development process. There are, of course, also substantive political 
issues at stake, particularly in terms of willingness to modify lifestyles in order to achieve energy 
demand reductions and also in relation to paying for energy-related investments, directly in the 
home and indirectly through utility bill increases.  Moreover it should be recalled that participants 
were voicing opinions in a hypothetical context, though generally their level of engagement in the 
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scenario generation process was high and overall we have found these processes illuminating and 
suggestive of much further work.  
 
7. Conclusions 
Approximately 40 members of the public in four separate groups, each convened for one day over 
May-September 2010, gave their views of macro and micro generation technologies in the context 
of long term government targets for emissions reduction. All public participants were home owners 
from Manchester, with one group being landlords.  Each of these groups followed the same research 
design, being provided with initial information on macro and micro lower carbon energy technology 
options; a pre- and post-group questionnaire designed to identify technology ranking and any 
opinion change; and group discussion of how to reach a 42% CO2 reduction target by 2020 and a 
90% reduction target by 2050, using the technologies, in ways that the group considered feasible, 
assisted by a domestic household version of GRIP emission scenario software that shows the 
emissions consequences of different energy technology choices with respect to a recent baseline for 
(in this case) Manchester. The stakeholder groups followed the same design but omitted the initial 
information provision.  
 
The combination of a ranking exercise informed by information sheets, plus use of a domestically-
focussed version of GRIP, have proved useful in both helping the public understand the emissions 
implications of micro-generation technologies and energy efficiency and in generating qualitative 
and quantitative information on perceptions and learning. Our experience in introducing non-
specialists to energy and emissions modelling has led us to look at learning theory that can assist in 
designing scenario development processes. At a superficial level, it is clear that the use of simple 
dials, sliders, immediate feedback and an interpretative commentary help to explain a high level of 
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participant engagement and understanding. As with any emissions calculator, GRIP abstracts and 
simplifies from an array of socio-political and economic complexities that surround energy system 
transformation. In this respect the process follows learning principles that Bruner began to develop 
over 50 years ago. Central to these principles, still strongly influential today, is the concept of 
scaffolding developed by the Soviet psychologist Lev Vygotsky some 80 years ago [61].  
 
There are many possibilities in terms of directions for future research that build upon the above, not 
least because there are many alternative approaches to theorising learning and there is limited 
literature on learning in the context of scenario building. In future we propose to explore some of 
the themes that have arisen in the present study, as we seek to add to the surprisingly scant 
literature on energy and other scenario-based learning. 
 
  
Note 
1. The interface can be experimented with via the ‘sample tool’ link on the project website: 
http://www.getagriponemissions.com/index-cycle.html  
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Figure captions 
Figure 1 Applying the scaffolding steps of  Wood, Bruner and Ross (1976) to the scenario process 
Figure 2 Scenario output from public focus group 1: national electrical grid mix, domestic energy 
technology mix and electricity source  
(note: pellets/liquid/solid are alternative forms of biomass fuels for heating)  
Figure 3 Scenario output from public focus group 2: national electrical grid mix, domestic energy 
technology mix and electricity source  
(note: pellets/liquid/solid are alternative forms of biomass fuels for heating) 
Figure 4 Scenario output from public focus group 3: national electrical grid mix, domestic energy 
technology mix and electricity source  
(note: pellets/liquid/solid are alternative forms of biomass fuels for heating) 
Figure 5 Ranking of domestic energy technologies by participants (10= worst, 1=best) 
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